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re matter what your liquid level control 
requirements . . . the new Masoneilan 12,000 
Series Displacement-Type Level Control will pro- 
vide positive, accurate liquid level control. 


This new series introduces a number of unus- 
ual features not found in any other type of con- 
troller. The new type of control mechanism 
eliminates pivot bearings . . . provides extreme 
sensitivity. Proportional band adjustment is ob- 
tained with minimum upset of control point 


Model 
No. 12,600 





FEATURES 


Knife Edge The internal knife edge 
beari 


inate {friction and assure positive cen- 


models to protect the torque tube from mechani- 
ngs and the controller knife edge bear- cal over-travel. 
ings elim 


ter of rotation. These characteristics, together 412,600 Level Controller. Sturdy ribbed con- 
with stainless steel construction, contribute to — grruction to prevent distortion. 


the excellent performance and long life of the | 444 ag Right Mand C _ 


mounting can be reversed in the field without 
Displacement ee pe oem. Dieplacemens crt the replacement of any parts. 
inder is attac to the torque arm without yas | Bioperine! mechaniom, sit 
the use of screws or loose pins. The construc- Oe er eiace are complete sub-assemblies. 


setting. Calibrated specific gravity scale is adjust- 
able from .5 to 1.2 sp. gr. or from .8 to 2.0 sp. gr. 
Proportional band scale is calibrated 1 to 100% 
... scale over 4” long for easy adjustment. 


The 12,000 series controllers are available in 
a wide choice of standard ranges from 14 inches 
to 15 feet. They meet practically all requirements 
for level control including interface service, 
specific gravity control and remote level indica- 
tion. Write specifying your problems and 
Masoneilan Engineers will. make their recom- 
mendations. 












Designed especially for the 











tion of the hanger minimizes friction and is 
fabricated of stainless steel for long life. 


Torque Tube Assembly. Inconel torque tube 
designed for high temperature, fabricated with 
all parts made of inconel and welded by the 
atomic hydrogen electric arc process. Inconel 


maintains excellent torsion spring properties 
up to 650° F. 


Over-travel Stops. Special stops provided on all 





ae eee ee ge apie 








Bronze Air Manifold. All air passages are bronze 
or copper, to eliminate the formation of scale or 
rust beyond the air filter in supply line. 


interface Level Control. The 412,600 is particu- 
larly well adapted to interface control, possess- 
ing both responsiveness and a wide gravity 
range so essential to this type of service. The 
standard unit may be used without alteration 
for gravity differences as low as 0.1 sp. gr. 
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1182 Adams St 
New York Philadelphia Pittsburgh Tulsa Toledo Chicago Atlanta St. le 


Petroleum Refiner—Vol. 23, No. 9 


~ New Masoneilan Series 12,00( 


2 








a ee ne a 


Se 





V 


: 





Fe 
Bi 
: 
i 


. VOLUME 23, NO. 9 


SEPTEMBER, 1944 


SPECIALIZED FOR THE OIL REFINING INDUSTRY, INCLUDING PETRO-CHEMICAL 


- ENGINEERING, PETROLEUM SYNTHETICS AND NATURAL GASOLINE 
.A Gutr PusLisH1nc CoMPANY PUBLICATION 





THE LOOK Box 








ees years back the President of the 
United States came home from his first conference 
with the British Prime Minister and spoke in high 
praise of the Atlantic Charter, which made plain 
its attitude of “equal access’ to 
raw materials. 

The Atlantic Charter never 
went before the United States 
Senate for consideration and in 
time most of the citizens of the United States came 
to look upon it as a collection of high-sounding 
phrases, without force and effect. In fact, the 
British Prime Minister issued some statements 
which were accepted as cutting the document into 
several parts, 

Then in July, 1944, representatives of the two 
governments in Washington to consider collabora- 
tion in affairs of oil, and the references to the 
Atlantic Charter were sufficient in number to 
justify the suspicion that the Atlantic Charter is 
something more than an assortment of high- 
sounding phrases. At least it became the justifica- 
tion and the precedent for a conference, out of 
which came an agreement for setting up an Inter- 
national Petroleum Commission. 

Now men in government as well as in the indus- 
try are classing this agreement as another assort- 
ment of high-sounding phrases, without force and 
effect. They raise the point that this agreement 
must go before the United States Senate, whose 
approval can give it force and effect. But the 
Atlantic Charter never had Senate blessing and it 
had sufficient force and effect to be used as justifi- 
cation for an agreement as to petroleum. 

In the Atlantic Charter raw materials came in 


World 
Oil Cartel 


.for an “equal access” attitude, which came to be 


accepted in many quarters as evidence that the 
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two great powers were, to whatever extent the 
Atlantic Charter had force and effect, pledged to 
“free trade.” : 

But the agreement as to a commission to direct 
the affairs of petroleum came to this grand pur- 
pose, so that: 


“Adequate supplies of petroleum be available in 
international trade to the nationals of all peaceable 
countries at fair prices and on a non-discriminatory 
basis.” 

To whatever extent interpretations are accurate, 
it would seem that the “free trade” foundation has 
been used for a program whereby a commission 
will favor peaceful nations on a “non-discrimina- 
tory basis.” 

This agreement has been signed by Lord Beaver- 
brook for the British government and by E. R. 
Stettinius, Jr., Acting Secretary of State for the 
United States. Whether it ever goes to the United 
States Senate for ratification as a treaty or simply 
stands as a document of merit by its content is a 
question which the men and women of the petro- 
leum industry should help to answer. Regardless 
of what course the agreement takes, it is going to 
have influence on the jobs and investments of the 
petroleum industry. 

No commission can be successful in manipulat- 
ing the affairs of international petroleum unless it 
has some authority over domestic petroleum 
affairs. Thus far all manner of meanings are being 
read into the agreement. Some are inclined to dis- 
miss the document as without force and effect, 
simply because it is made. up of high-sounding 
phrases. This attitude is not safe, as the influence 
of the Atlantic Charter indicates. 

This International Petroleum Commission is 
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Here is the interesting experience of a large culvert 
manufacturer in the use of the Dowtherm heat 
transfer method. Their problem involved the con- 
tinuous, precise control of heat in a 20,000-gallon 
storage tank, and in two 6,000-gallon tanks used for 
the dipping of drainage pipe and culverts in asphalt 
at 390°F. 


A Dowtherm unit was installed. Now, after more 
than three years of dependable Dowtherm service, 
an executive of the culvert company writes: “We 
had several reasons for deciding upon Dowtherm: 
Fire hazards, due to the high flammability of hot 
asphalt, were eliminated by employing the Dow- 
therm indirect heating method instead of open 
flame . . . We get much more uniform heat control. 


The high-temperature, low-pressure heat transfer medium 
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Dowtherm is fully automatic and needs no attention 
beyond ordinary maintenance .. . And it is less 
expensive to operate.” 


This example of Dowtherm-on-the-job is typical 
among the hundreds of Dowtherm units in service 
today. For these advantages are inherent in both the 
Dowtherm liquid and Dowtherm vapor systems. If 
your plant operation requires accurate, economical, 
product-improving heat control in the 400°F.-725°F. 
range, a note to Dow may well be the means of in- 
creasing profits and efficiencies in your business. 


THE DOW CHEMICAL COMPANY 


MIDLAND, MICHIGAN 
New York + Boston «+ Philadelphia +» Washington «+ Cleveland + Detroit 
Chicago + St. lovis + Houston + San Francisco + Los Angeles + Seattle 


CHEMICALS INDISPENSABLE 
TO INDUSTRY AND VICTORY 
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charged with the responsibility of determining 
world markets and directing the distribution of oil 


- accordingly. In order to accomplish this, it may 
' come about that the total output of a nation, the 


United States as logically as any other, would have 
to be reduced. When and if this commission can 


_ bring that about, its action. will have influence on 


the jobs and investments of those who make up 
the industry. 


Reading meanings into the agreement goes on 
without hindrance, and here is one for considera- 
tion: It would make petroleum supplies available 
to nationals of “peaceable countries.” Evidently 
this commission would be expected to determine 
the attitude of a nation as to war and peace and 
allot oil supplies accordingly. In such, oil would 
become the raw material for keeping the peace of 
the world. It could be provided on condition that 
a nation remain at peace. 


It should be remembered that gasoline was 
shipped to Japan on somewhat the same basis in 
the months previous to Pearl Harbor. The petro- 
leum industry has been condemned repeatedly for 
supplying gasoline to Japan. Few remember that 
those shipments went forward with the approval 
of the State Department. 

Deceit under an International Petroleum Com- 
mission could be as successful and as deadly as it 
was under the watch of our State Department. 

The petroleum agreement is in effect the ma- 
chinery for a world-wide cartel in oil. It does 
seem peculiar that an administration which has 
been so persistent in its condemndtion of private 
cartels would at the same time sponsor one whose 
effect can be as destructive as any of private 


building. 


E VEN the gangsters who manage the Third 
Reich must realize that it has but a few more days 
of existence. Its armies are being cut to shreds 
from two directions. Aerial opposition is negligi- 
ble. Territory is surrendered without re- 
sistance. A self-styled super race has be- 
come a crowd of weaklings. 

The situation in Europe is such that it 
safely can be accepted that consumption 
of petroleum in military channels is at its peak. It 
must continue for as long as Japan calls for atten 
tion but it is not comprehensible that the offensive 
against Japan ever can call for the outpouring of 
high-octane gasoline that was required to get an 
army on the Normandy coast and then release it 
from the shackles of the hedgerows. 

What influence this will have on civilian supply 
and the conversion to peaceful pursuit hardly de- 
Serves speculation while there is need even for a 
lesser supply for the military. It is comforting to 
contemplate the fall of an Axis member with the 


At Its 
Peak 
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assurante that petroleum has never ‘heen manves 
for any military venture. te 
That status can be maintained as 5 operations are 
accelerated in the Patific, It is possible that the 
war in Europe will end before all facilities for 
making 100-octane aviation. gasoline have been 
completed, Already the technologists have com- 
pounded an even more powerful motor fuel, which 
will make the super-bombers even more effective 
than its first raids indicated. / 


~ OMEHOW men can not resist the opportunity 
of justifying their shortages or shortcomings by 
pointing out that other nations are more severely 
ruled and more drastically rationed. Whether it is 
meat, shoes or gasoline the 
rationing authority in these 
United States adds up what 
has happened to the people of 
the United States, then cites 
the more severe situation abroad and asks—why 
should you complain? 

The amount of any product avails to the citi- 
zens of the United States should be determined by 
what is on hand and how much more can be pro- 
vided. The fact that in England a family can have 
only a third of an egg a week is no criterion of 
what number or portion of eggs a family in this 
country should have. 

The attitude should apply to gasoline or ciga- 
rettes. Suffering may be a consequence of winning 
a war but it is no contribution to victory. 


By Our Own 
Measure 


A N essential in the disposition of war plants 
is being overlooked in the zeal that attends an 
affairs of the politician and the business man. The 
politician is determined that plants shall not fall 
into the ownership of “big” cor- 
porations or be used for price cut- 
ting or trust building. 

The prime essential for the fu- 
ture of war plants is that they be 
put to work. If the equipment goes to work or 
continues at work, men will have work. 


War Plant 
Essential 


“There is a small but vocal minority in this country 
which seems to think we should make a gift of our 
assets to the less fortunate nations of the earth and 
level off our standards to those of other countries. As 
a nation we have always been sympathetic to less 
fortunate people and history shows that our country 
has ever been ready to help those in distress or in 
trouble. For us to hand over the results of our 170 
years of struggle in the hope of making everyone in 
the world satisfied is impractical and unreasonable.” 

H, L. Dersy, president, 
American Cyanamid & 
Chemical Company. 





Patent Pending 


yie™ 


Here wes the Problgm: How to repack the stuffing box 


of a side-entering mixer installed in a blending tank without draining 
the tank and without the time-consuming job of removing toxic fumes. 


COED 2. Porc: Sice-Enterins 


Mixer is built with an externally-accessible stuffing box. It is therefore 
unnecessary to send a man into the tank. An ingenious device seals 
the liquid in the tank while the stuffing box is repacked. Even an un- 
skilled mechanic can do the job in a few minutes. Write for illustrated 
folder for complete description of the PORTER Side-Entering Mixer. 


Established 1866 


H. K. PORTER COMPANY, Inc. 
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Process Design Procedure fo. 


Multicomponent Fractionators 


C. G. KIRKBRIDE 


Professor of Chemical Engineering 


Agricultural and Mechanical College of Texas 


‘5 IS the purpose of this paper to present reliable 
process design methods for multicomponent fraction- 
ators. This includes two methods of estimating the 
number of trays required for a desired separation and 
a method of estimating the size of the column re- 
quired to handle a desired. capacity. 


A great deal of attention has been devoted in the 
literature to methods of calculating the number of 
trays for a desired separation. This is important but 
it is of no greater importance than reliable methods 
of column design to assure the desired capacity. It is 
usually far more serious from the standpoint of oper- 
ation to install a column with insufficient liquid 
capacity than to install one with an insufficient num- 
ber of trays to attain a given separation at a specified 
reflux ratio. Operators who have had the bitter expe- 
rience of trying to operate a column which floods 
(insufficient liquid capacity) at a point below the 
required capacity will appreciate fully the desirability 
of sufficient liquid capacity. 

Actually a high degree of accuracy in the estima- 
tion of the required number of trays is not essential. 
It is relatively common practice to install 30 to 60 
percent more trays than theoretical calculations indi- 
cate are required. Consequently a method for esti- 
mating the required number of trays at 100 percent 
tray efficiency, which is reliable within 10 percent, is 
well within required accuracy. 

Che methods of designing columns for given capac- 
ities are far short of this accuracy. The engineer is 
in general faced with the necessity of providing over 
100 percent more column height than theoretical cal- 
culations indicate is required. It would appear, there- 
fore, that the concentrated attention which has been 
devoted to improving the methods of estimating the 
number of theoretical trays might well be directed 
toward improving the methods of calculating the 
capacity of columns. 

The following discussion takes up first the two 
methods of calculating the required number of trays. 
The first method, which was proposed by Brown and 
associates **5® is based on a theoretical approach 
with a few simplifying assumptions. The second 
method, developed by Brown and Martin? is empirical 
but seems to be essentially as reliable as the more 
iundamental method proposed earlier by Brown.? 
Next, the method of designing a column for specified 
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A RECOMMENDED process design procedure for multi- 
component fractionators is presented. Two methods are 
given for the estimation of the number of theoretical 
trays required for a specified separation. A method for 
estimating tray efficiency to determine the actual num- 
ber of trays to be installed is presented. Also a method 
is described for calculating the size tower required to 
handle the specified feed rate. An example design 





problem is solved which demonstrates the application 
of the recommended process design procedure. 

The two methods for calculating the number of theo- 
retical trays are the Brown, and the Brown and Martin 
methods. The Brown method was developed on a 
fundamental basis with a few simplifying assumptions. 
The Brown and Martin method is based on an. empirical 
correlation. The Brown method is more fundamental and 
therefore more generally applicable than the Brown and 
Martin method. Nevertheless, the Brown and Martin 
method is more rapid and seems to be as reliable for 
multicomponent fractionator designs which involve the 
separation of hydrocarbons. 

The method of Drickamer and Bradford is recom- 
mended for calculation of tray efficiency. The actual 
number of trays to be installed should be based on 85 
percent of the efficiency predicted by their method. 
This provides for inaccuracies in the design methods 
and for flexibility in operation. 
The recommended procedure for calculating the size 





tower to handle the specified feed rate is predicated 
upon fixing the tower diameter so liquid entrainment is 
negligible and then fixing the tray spacing to handle 
the liquid load. 

Tower diameter is calculated on the basis of a maxi- 
mum allowable vapor velocity. The maximum allowable 
vapor velocity is a function of the tower pressure, tower 
temperature and molecular weight of the vapor. 

The tray spacing is calculated on the basis of the 
liquid back-up in the down-spouts. Liquid back-up in the 
down-spouts is due to the pressure drop through the 
trays and is equal to twice the depth of liquid on the 
tray plus the friction head of the vapor through the 
risers and caps plus the head required to induce the flow 
of liquid through the down-spout onto the tray below. 

The methods for estimating the number of trays re- 
quired are reliable within desired limits (+ 10 per- 
cent); however, the methods available for estimating 
the capacity of a column are not as reliable as desired. 
it is believed that more effort should be directed toward 
improving the accuracy of the design methods for col- 
umn capacity. 

















capacity is presented. This covers a discussion of 
common difficulties in operation, estimation of tower 
diameter and tray spacing, and various reboiler in- 
stallations. Finally an example design is presented 
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‘involves the application of the various recom- 
d design methods. é 


Estimation of Required Number of Trays 
implified Methods of Calculating Theoretical Trays. 


Several methods have been proposed for calculat- 
ing the number of trays required for a given separa- 
tion of multicomponent mixtures. The method of 
Brown and co-workers" **°:* was one of the first sim- 
plified procedures to be presented which was based 
on a theoretical approach. Since then several such 
‘methods have been presented but they offer no 
significant advantages over the Brown method either 
from the standpoint of accuracy or rapidity. Brown 
and Martin,? however, presented a method which is 
more rapid than the Brown’ method. It is based on 
an empirical correlation rather than a theoretical 
approach but the accuracy of the method seems to 
be essentially as great as that of the more theoretical 
Brown method. 


'The Brown! method was developed on the basis of 
constant rates of liquid down-flow and vapor up-flow 
in each section of the column namely, rectifying and 
stripping sections. Only the essentials of the method 
will be presented and discussed here. The develop- 
ment of the method can be found in the references 
given. 

The Brown method employs the absorption factor 
and stripping factor concept. Equation (1) relates 

_the absorption factor and separation with the number 
of theoretical trays required in the rectifying section 
(Figure 1). Equation (1) is presented graphically in 
Figure 2. 


yr—yi a A™*§—A 
yr — Kix. ~ A™'—1 


Where A = L/VK,y = absorption factor 
K = y/x = equilibrium constant 
L=average liquid down-flow above feed point, mols/hr. 
n = number of theoretical trays above feed tray 
V = average vapor up-flow above feed point, mols/hr. 
x = mol fraction of a component in the liquid phase 
y = mol fraction oi a component in the vapor phase 
Subscripts 1 = top tray of rectifying section 
o = reflux drum . 
f = feed tray 
ae: av = average over rectifying section 





(1) 


Equation (2) relates the stripping factor and sepa- 
ration with the number of trays required in the strip- 
ping section (Figure 1). Equation (2) is presented 
graphically in Figure 2. 


Xt —- Xm i s=™**— S$ 
me Ymu/Km ~ ge — 1 


Where K = y/x = equilibrium constant 
L = average liquid down-flow in the stripping section, 
mols/hr. 
m= number of theoretical trays below the feed tray 
S = K.yV/L = stripping factor 
V = average vapor up-flow in stripping section, mols/hr. 
x = mol fraction of a component in the liquid phase 
y = mol fraction of a component in the vapor phase 
Subscripts f = liquid from feed tray 
m + 1= vapor below the bottom tray of strip- 
ping section : 
m = bottom tray of stripping section 
av = average over stripping section 





(2) 


In the design of a fractionating column the first 
step is to fix (1) the pressures on the reflux drum 





*Key components are the two which are divided between the net- 
overhead and bottoms. Sometimes more than two components are 
divided between the net-overhead and bottoms. In this case the selec- 
tion of the two key components will depend upon the distribution of 
each component. 
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and om the column, (2) the compositions of the net 
overhead and bottoms, (3) the feed rate, /(4) the 
feed temperature and (5) the reflux ratio. Theoreti- 
cally it is possible to fix the concentration of only 
one component in the net overhead and the concen- 
tration of only one (another) component in the bot- 
toms. Nevertheless, the usual design is predicated 
upon rather sharp separations between two key com- 
ponents* in which case the components boiling above 
the net overhead and the components boiling below 
the lower boiling key component are absent from 
the bottoms. At least this is sufficiently close to the 
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FIGURE 1 
Schematic diagram of a multicomponent fractionater. 
’ 


true situation that it is an excellent initial assump- 
tion. After the number of trays has been established 
to give the specified separation between key compo- 
nents, it is a relatively simple matter to calculate the 
exact distribution of all other components between 
the overhead and bottoms by use of equations (1) 
and (2) or Figure 2. 

It is apparent from equations (1) and (2) that it 
is necessary to know the composition of the liquid 
and vapor leaving the feed tray in order to calculate 
the number of trays. This is perhaps the weakest 
point in the entire method and is certainly the most 
tedious. The composition of the feed-tray liquid and 
vapor can be calculated by use of equations (3), (4), 
(5), (6) and (7), each of which will be discussed 
below. The plan of attack involves a trial-and-error 
calculation. The feed-tray temperature is assumed. 
Then equation (3) is used to calculate the concentra- 
tion in the liquid on the feed tray of each component 
which boils below the lower-boiling key component. 
Similarly equation (4) is used to, calculate the con- 
centration of each component in the liquid on the 
feed tray which boils. above the higher-boiling key 
component. The concentrations of the components 
as calculated by equations (3) and (4) are then sub- 
stituted into equations (5) and (6) in order to de- 
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termine the concentrations of the two key compo- 
nents. If the correct feed-tray temperature was. as- 
sumed equation (7) will be satisfied. Thus if the 
calculated composition does not satisfy equation (7) 
another feed-tray temperature must be assumed and 
the procedure repeated. 

Equation (3) is based on a material balance around 
the rectifying section with the assumption that con- 
centration of the components boiling below the lower- 
boiling key component is the same on the feed tray 
as on the tray above the feed tray. 


_ _Dx»/V 
© at ewe LV (3) 


Where D = net overhead, mols/hr. 
Kz = equilibrium constant of a component at the feed 
tray temperature 

L = liquid down-flow to the feed tray, mols/hr. 

V =vapor up-flow to the tray above the feed, mols/hr. 

Xp = mol fraction of a component in the net overhead 

x¢ = mol fraction of a component in the liquid on the 
» feed tray. , 


1.9 


Equation (4) is based on a material balance around 
the stripping section with the assumption that there 
is no change in concentration, between the feed tray 
and the tray below, of the components which boil 

‘below the higher-boiling key component. 


“7 W xw/V 
a x, =e 


{roe (4) 


Where Kz = equilibrium constant of a component at the feed 
ed tray temperature 


L= liquid down-flow from the feed tray, mol/hr. 


V = vapor up-flow to the feed tray, mol/hr. 
o W = bottoms, mol/hr. 
Xr = mol fraction of a component in the liquid on the 
feed tray 
Xw = mol fraction of a component in the bottoms 


FIGURE 3 


Eqvations (Dent (6) are merely statements of definitions. 
Xr = 1. 
. Zyr a ZKexe = 1.0 ; (6) 
Equation (7) is called the Underwood*™ relation 
47 and is the check on the assumed feed-tray tem- 
perature 


(L/D) xwe + xvp 
(L/D) Xne + Xnp 


1.4 


(L/D) xvr+ (A/F) xe Z yer 
(L/D) xnr + (A/F) xnp Nyne (7) 





Where A= L—L, mols/hr. 
F = Feed rate, mols/hr. 
Subscripts v = lower boiling key component 
h = higher boiling key component 
D = net overhead 
f = feed tray 
F = feed. 


LP 


Occasionally it will be found that equation (7) is not 
satisfied at any assumed temperature of the feed tray. 


A 
1.2 


theoretical minimum for the desired separation. The 
equation can be satisfied by increasing the reflux 
ratio. 


Brown? pointed out that the most accurate results 
are obtained with his method by making a tray-to- 
tray calculation down from the top tray of the recti- 
fying section and up from the bottom tray of the 
stripping section until a constant temperature gradi- 
ent is obtained. Then his method should be applied 
over the remainder of the rectifying and stripping 
sections. It has been found, however, that the im- 
provement in accuracy does not justify the additional 
° calculations. It is recommended therefore that the 

Brown method be applied over the entire rectifying 
and entire stripping sections. 
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This indicates that the reflux ratio may be below the | 





The Brown and Martin*® method for ealculatin 


number of theoretical trays is less complicated t 
the Brown method but is not based on a funda 
















ment: 


approach. It is based on empirical correlations (equa- 
tion 8). Even so it is apparently as accurate as the 


more fundamental Brown method. 


Probably the greatest advantage of the Brown and : 
Martin method is that it lends itself readily to the — 
calculation of the most economical number of trays. 


The method has its limitations, however. It should 
not be used if the compositions of the feed and one 
of the products is nearly the same. Also the method 
is not reliable if the ratio of the number of trays 
obtained for the rectifying section to the number in 
the stripping section is less than 0.1 or greater 
than 10, 

The method is based on a correlation of the ratio 
of the number of trays required, at a given reflux 
ratio, to the number of trays at infinite reflux 
ratio, with the vapor and liquid loads . the given 
conditions and at minimum reflux ratio. The correla- 
tion is given in Figure 3. It will be noted that the 
correlation provides for three different ranges of the 
number of trays at infinite reflux ratio, namely 8 to 6, 
greater than 8, and less than 6. _ 


‘ 





L/V 

Lv! N j 

(ea et us fuss Jmin 

L/V/ mio r . (8) 


Where N = number of trays + reboiler + partial condenser 
f =a function 


J=(L/V) /(L/V) —1 
Subscripts min = at minimum reflux ratio * 
(r= 1) =—at infinite reflux ratio or V/L = 1. 


In order to use the method it is necessary to cal- 
culate the minimum number of theoretical trays (in- 
finite reflux ratio) and the theoretical minimum re- 
flux ratio (infinite number of trays) which correspond 
to the desired separation. The minimum number of 
theoretical trays can be calculated by the Fenske” 
equation (9). 








(2) (GA (9). 


Where c= number of theoretical trays 


Subscripts v = more volatile key component 
h = less volatile key component 
ai = top of sectiort of rectifier 
si = bottom of section of stripper. 


It is best to calculate stepwise down from the top 
and up from the bottom until an essentially constant 
temperature gradient is obtained. Then equation (9) 
is applied over the sections of constant temperature 
gradient. The value of N ¢,.,.) == stepwise trays at top 
and bottom + c-+ reboiler + partial condenser. In 
case a total condenser is used, no separation occurs in 
the reflux drum and nothing should be added for a 
partial condenser. 

The stepwise calculation is simple because V == L 
and V =L at infinite reflux ratio. Starting with the 
partial condenser: 


Yo/Ko = Xo = ¥: 

yi/Ka = Xi=> yz i a 

y2/Ke = xX: = ys. 
Thus the stepwise calculation can be carried out from 
the partial condenser. gga} Ni 











































‘ 
~h 
Vy 


Sgn ad 





. si = Yu = Xe-1 


) (Km-1) = Ym-1 = Xm-?. 


~ ‘Thus the stepwise calculation can be made from the 
ettle or reboiler. It is apparent that both stepwise 
calculations are quite simple. 

The calculation of the minimum reflux ratio, on 
the other hand, is, somewhat more complicated and 
tedious. The method proposed by Colburn® is the 
most reliable for estimating the minimum reflux 
ratio. It is of the trial-and-error type. but even so it 
is not too time-consuming to make its use here un- 
desirable. 

The minimum reflux ratio is the lowest possible at 
which the desired separation can be attained with an 
infinite number of trays. Under such conditions the 
tray-to-tray concentration gradient of each compo- 
nent approaches zero in a region of each the stripping 
and rectifying section. This occurs due to the fact 
that the operating line and equilibrium curve ap- 
proach each other closely and finally intersect. 

Inasmuch as the composition of the liquid on the 
trays in the regions of zero concentration gradient is 
essentially identical, equations (3) and (4) are fun- 
damentally sound for calculation of the composition. 
Nevertheless equations (10) and (11) as suggested 
by Colburn-seem to involve less trial-and-error com- 
putations and are therefore recommended here. 


Equation (10), which was presented by Gilliland™ 
as a revision of an equation derived by Fenske’® and 
Underwood,"* is recommended for the calculation of 
the liquid composition in the region of zero concen- 
tration gradient in the rectifying section at minimum 
reflux ratio. 


XD 


Xa = "(ax —1) (L/D) + &xnv/xne 


Where D = net overhead, mols/hr 
L = liquid load in the rectifying section, mols/hr. 
cx = relative volatility of a given component with refer- 
ence to the higher boiling key component 
Subscripts a= region of zero concentration gradient 
in rectifying section 
D = net overhead 
h= higher boiling key component. 





(10) 


,/ Equation (10) is used by assuming L and the tem- 


perature in the region of zero gradient. Since “ does 
not vary much with temperature, the assumed tem- 
perature can be considerably in error without affect- 
ing the value of ~ significantly. The second term in 
the denominator can be disregarded in the first trial 
computation. The values of the concentration of each 
component boiling below the heavy key component 
can then be calculated. The value of x, is obtained 
as the difference between 1.0 and the sum of the 
concentrations calculated. Then a second trial calcu- 
lation is made which includes the second term of the 
denominator with the value of xn, just determined. 
This is repeated if necessary using the value of Xna 
obtained in the second trial. The accuracy of the 
assumed temperature can be checked if desired by 
equilibrium balance using equation (6). 

Equation (11) is similar to equation (10) but ap- 


_ plies to the region of zero gradient in the stripping 


section at minimum reflux ratio. 


CyXw 
Ky— £) (L/W) + KxXew/Xr8 


Where L = liquid load in stripping section, mols/hr. 
W = bottoms product, mols/hr. 





Me 77 


(11) 
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higher boiling key component 
«, = relative volatility of lower boiling relative to 
higher boiling key components. 
Subscripts s — region of zero concentration gradient 
in the stripping section 
v= more volatile key component 
w = bottoms product. 
Equation (11) is used in a similar way to that of 
equation (10). The value of L and the temperature 
in the region of zero gradient are assumed and the 
concentration of each of the components boiling above 
the light-key component is calculated. The concen- 
tration of the light key component, xys is obtained as 
the difference between 1.0 and the sum of the con- 
centrations of the heavier components. In this case 
also the assumed temperature for obtaining “ and 
<, can be checked by equilibrium balance using 
equation (6). 

The best procedure for the calculation of minimum 
reflux ratio is outlined briefly as follows: 

1. Assume the liquid load in the rectifying section 
L and calculate its composition in the region of zero 
concentration gradient by use of equation (10). 

2. By heat balance calculate the increase in liquid 
load due to the feed and add this to the liquid load 
in the rectifying section to obtain the liquid load in 
the stripping section. Then by equation (11) calcu- 
late the composition of the liquid in the region of 
zero gradient in the stripping section. 

3. The assumed liquid rate in the rectifying section 
is then checked by equation (12). 

XveXha 1 
XheXva (1 —ZC,ex,) (1—ZCrxe) 
Where C = function in Figure 4. 
«x = ratio of K of a component to that of the higher 
boiling key component 
«x, (in Figure 4) = Ky/Kn 
Subscripts a= rectifying section, 
gradient 
h = higher boiling key component 
s = stripping section, region of zero gradi- 
ent 
v = more volatile key component. 
The value =C,“x, is the summation of values of 
C,“x, for all components boiling above the higher- 
boiling key component. The value =C,x, is a summa- 
tion of values C,x, for all components boiling below 
the most volatile key component. 

4. If the value of the left member of equation (12) 
is less than that of the right member, the assumed 
value of L at the beginning of this procedure was too 
low. A higher value must be tried and the procedure 
repeated. The value of the left member of equation 
(12) changes rapidly relative to changes in the as- 
sumed value L, whereas the value of the right mem- 
ber changes only slightly. This simplifies the trial- 
and-error computations. 

After the minimum number of trays and the mini- 
mum reflux ratio have been calculated, the number 
of theoretical trays is calculated by use of Figure 3. 
The ratio of the number of trays above the feed tray 
(including partial condenser) to the number below 
the feed tray (including the reboiler) can be calcu- 
lated from equation (13). 


log (N./Ns) = 0.206 log eG): ] 


Where N.+N,=—N—1 
Subscripts a= rectifying section 
D = net overhead or distillate 
F = feed 
h = heavy key component 
$s = stripping section 
w = bottoms product. 





(12) 


region of zero 








(13) 


c == relative volatility of a con:ponent with respect to_ 
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FIGURE 4 


Function for use in Colburn method to determine minimum reflux ratio. 


Equation (13) is preferred to the one suggested by 
Brown and Martin? since it correlates the data they 
gave on multicomponent fractionators as well as 
other data available to the author. It is empirical. It 
was developed on the basis that the ratio of rectifying 
trays to stripping trays (including partial condenser 
and reboiler) is a function of (1) the fraction of the 
heavy key component (in the feed) removed in the 
overhead, (2) the fraction of the light key component 
removed in the bottoms, (3) the concentration of the 
heavy key component in the overhead and (4) the 
concentration of the light key component in the bot- 
toms. There are other variables which affect N,/N; 
but equation (13) seems to give reasonably, good 
results. 

Although the method for calculating the number 
of theoretical trays as described above is not exactly 


the same as presented by Brown and Martin,? the 
fundamental concept as described by them is identi- 
cal. The use of the Colburn method for calculation 
of minimum reflux ratios and the use of equation (13) 
represent revisions in the procedure which it is felt 
improves the reliability and utility of the Brown and 
Martia correlation. 

Estimation of Tray Efficiency. 

The methods described above for calculation of the 
number of trays for a desired separation, give merely 
the theoretical number based on 100 percent tray 
efficiency. The actual number of trays’ required is 
ordinarily somewhat greater. The ratio of the number 
of theoretical trays to the actual number required 
multiplied by 100 is the tray efficiency. This should 
include not-.only a correction for inability to attain 
equilibrium between the liquid and vapor phases on 





4 





a h tray but also a correction to compensate for the 
‘inaceuracies of the method of estimating the number 
of theoretical trays and a safety factor to provide de- 
sired flexibility in the operation of the fractionating 
column, It is apparent therefore that the engineer 
must have a knowledge of the basis for any tray 
efficiency he uses. He should be fully informed on 
the method of calculating the number of theoretical 
trays used to determine the tray efficiency. The tray 
efficiency is dependent upon the number of theoreti- 
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Relationship between viscosity of feed and tray efficiency. 


cal trays calculated and since all methods do not 
give the same number of theoretical trays, the method 
upon which the tray efficiency is based should be 
given when a tray efficiency is quoted. In this paper 
the method given for estimating tray efficiency ap- 
plies to either the Brown or the Brown and Martin 
method since each gives essentially the same results. 

No completely satisfactory method for estimating 
tray efficiencies has been published. Nevertheless 
Drickamer and Bradford® presented a method which 
has considerable merit. Their method does not take 
all the important factors into account but it is an ex- 
cellent approach toward a final solution. It is recom- 
mended therefore that tray efficiencies for multi- 
jcomponent hydrocarbon fractionators be estimated 
by their method, with additional allowance for flexi- 
ibility and inaccuracies in the methods involved. 

The method of Drickamer and Bradford is based 
on a correlation of pseudo molal viscosity of the 
feed at the arithmatic average tower temperature with 
overall tray efficiency. This is presented in Figure 5. 
‘The tray efficiencies used in their correlations were 
based in most cases on the Brown and Martin,? and 
the Brown’ methods. The pseudo molal viscosity is 
the sum of the products of mol fraction and viscosity 
for each component in the feed. Viscosities of a num- 
ber of paraffin hydrocarbons are given in Figure 6 
to facilitate the calculation of pseudo molal viscosi- 
ties. 

The tray efficiencies calculated by the method de- 
scribed should be reduced 5 percent to compensate 
for inaccuracies in the methods. Also another 10 per- 
cent reduction ordinarily is advisable to provide de- 
sired flexibility in operation. Thus it is recommended 
that an overall tray efficiency of 85 percent of that 
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predicted by the method of Drickamer and Bradford 
be used, 


Method of Design for Column Capacity 


Common Fractionation Difficulties. 

Tower Flooding. The cause of low tray efficiency and 
poor fractionation performance commonly is attrib- 
uted to excessive liquid entrainment (liquid carried 
from one tray to the tray above by the vapor). 
Souders and Brown have proposed that tray spac- 
ing be based entirely on factors which define the ex- 
tent of entrainment. This does not appear to be a 
sound basis for fixing tray spacing. Actually it is 
believed that excessive liquid entrainment is seldom 
the cause of poor performance in fractionation. In 


, general, before liquid entrainment becomes serious 


the problem of column flooding occurs due to exces- 
sive liquid and vapor loads. The phenomenon of 
tower flooding is a result of the downspouts becom- 
ing filled with the liquid (or froth) which is passing 
from tray to tray down the column. 

The reason for the liquid back-up in the down- 
spouts is easily visualized by reference to Figure 7. 
The liquid backup in the downspouts as shown in 
Figure 7 is a result of four differenf heads. In order 
for vapor to pass from the vapor ‘space above tray “a” 
to the vapor space above tray “b” it must pass 
through a head of liquid on tray “b” equal to the 
height of the weir, hy, plus the height of liquid over 
the weir, how, minus the depth of liquid in the slots 
of the bubble caps. At high capacity the height of 
liquid above the tray in the bubble-cap slots is usu- 
ally negligible so the total head of liquid on tray “b” 
through which the vapor must pass may be assumed 
to be hy + how. In order to balance that head the 
level in the downspout must rise the equivalent of 
hw + how; however the head of liquid on tray “a” is 
the same as on tray “b” and this must also exist in 
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FIGURE 7 
Cause of liquid back-up in downspouts. 


the downspout from tray “b.” Therefore for each unit 
head on a tray, two units of head must exist in the 
downspout or 2/hy + how). 

The vapor passing through tray “b” also encoun- 
ters a friction head through the riser and bubble-caps 
on tray “b.” The equivalent head is designated as hrc 
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FIGURE 6 
Viscosity of paraffin and olefin hydfocarbons. 
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NOTE—Olefins are approximately 15 percent more viscous than the corresponding paraffin hydrocar- -—~ S 
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‘it order to balance this head an equivalent head 


FI of liquid must back up into the downspout. 


~ Then 


, for liquid to flow from the downspout onto 
tray “a 


another friction drop is éncountered. This is 


é _ designated as hg and an equivalent head must back up 
+ Vinto the downspout to provide the energy to induce 


) the required flow of liquid. 


Thus it is seen that the total height of liquid in 
the downspouts must be equivalent to 2(hy + how) 


' + hy, + hg. Actually there are other heads such as 


the head required to induce the flow of liquid across 
the tray. Good, Hutchinson and Rousseau’ have 
shown that this can be quite important but a gener- 
ally applicable method for estimating the head is not 
available. Also in the case of high-pressure columns in 
which the density of the vapor becomes significant, 
another head of liquid must back up into the down- 
spout equivalent to the head of vapor between the 
level of tray “b” and the level of liquid in the down- 
spout from tray “b.” This usually is negligible but 
should not be overlooked in the case of columns at 
very high pressure. 

_In the above discussion the backup in the down- 
spout is referred to as liquid. Unfortunately it is not 
liquid but instead is a froth. Considerable vapor is 
entrained in the liquid which flows over the weir. 
Therefore the actual head of froth in the downspouts 


is somewhat greater than would be necessary if it , 


were all liquid. Once the vapor is entrained in the 
liquid entering the downspouts it passes down to the 
next tray because the linear velocity downward usu- 
ally is greater than the velocity of bubbles rising to 
the surface. It is desirable therefore to design trays 
so that there is sufficient vapor disengaging area 
before the froth passes over the weir. Sufficient tray 
area should be provided between the last row of caps 
and the overflow weir so that a minimum disengaging 
time of one second per foot of liquid depth on the 
tray is obtained. 

rom the previous discussion it is apparent that if 
the liquid load is increased so that the downspouts 
become completely filled with liquid, the column will 
flood. When the head in the downspouts is equal to 
the tray spacing, the slightest increase in either the 
liquid or vapor load will cause the vapor space to fill 
with liquid. The liquid level in the column will rise to 
the point where the liquid and vapor loads do not 


~< over-tax the liquid capacity of the downspouts. 


During periods of flooding the vapor which is 
produced by the reboiler or kettle will merely bubble 
upward through the column of liquid. The liquid will 
flow intermittently to the reboiler. That is, some 
liquid will flow to the reboiler and vaporization will 
occur, As this vapor passes upward the flow of liquid 
will stop. When vaporization ceases, more liquid will 
flow to the reboiler and so the intermittent flow of 
vapor and liquid proceeds. With this situation exist- 
ing there is little wonder that tray efficiency and 
fractionation performance are poor. 

Effect of Liquid Entrainment. It is believed that the 
most serious effect of entrainment is an increase in 
liquid load which brings about the more serious 
eflect, flooding. After a tower reaches a flooded state, 
entrainment is quite pronounced. Entrainment to the 
extent of 0.4 pounds of liquid per pound of dry vapor 


has been determined by the author on towers at the 


beginning of flooding. According to Colburn’ the 
effect of that much entrainment on tray efficiency 
(with no flooding) should be only about a 25 percent 
reduction based on liquid-to-vapor ratios usually 
employed. Actually the loss in tray efficiency in 
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flooded towers is two to three times that value. In 
one case in the experience of the author a substantial 
improvement in fractionation was obtained by remov- 
ing half of the trays. The tray spacing was doubled 
and flooding was thereby eliminated, 


Estimation of Column Capacity. 

Tower Diameter and Tray Spacing. The importance 
of reliable methods for calculating proper tray spac- 
ing is apparent from the previous discussion. The 
method recommended here involves first the calcu- 
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Correction to weir length for constricting tower wals. 


lation of the column diameter so that entrainment 
is nil and then the proper tray spacing is caleu- 
lated on the basis of a tray design which provides 
sufficient liquid capacity. If the tray spacing should 
be found to be unreasonable, the tower diameter 
should be adjusted to permit reasonable spacing. 

The diameter can be calculated on the basis of a 
maximum allowable vapor velocity as given by equa- 
tion (14). 


3 2 
nee (up) 
Where M = molecular weight of vapor 
P = tower pressure (tbs/sq in) 
T = temperature of vapor (°F/abs) 
v = maximum allowable vapor velocity (ft/sec). 


Actually there is considerable flexibility in fixing the 
diameter because the maximum allowable velocity 
as calculated by equation (14) can be exceeded; by 
100 percent without entrainment becoming impor- 
tant. This is true provided the tray: spacing is ade} 
quate to handle the liquid load. 
The recommended equation for calculating liquid 
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backup in the downspouts is as follows: able 
H =2 (hw + how) + hre + ha (15) » 3 

el 

The significance of this equation was discugSed pte Boccu; 
viously. perce 
The height of the weir, hy, is arbitrarily} fixed but Bito f, 
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FIGURE 9 
Complete trap-out reboiler installation. 


the term how must be calculated. Equation (16) is 
recommended. 


bow = 30k (457) 
ow 0 W 


Where L’ = liquid load, cu. ft./sec. 
W = length of weir, inches 
= correction for constricting tower wall (Figure 8) 
when the weir is a chord of a circle. k = 1.00 in 
cases in which the tower wall does not constrict 
the flow. 5 
It is apparent from equation (16) and (15) why en- 
trainment is so serious from the standpoint of 


(16) 


B flooding. 


The loss in head due to friction of the risers and 
caps can be calculated from equation (17). 
hre = Ver (pv/PL) 
Where v; = velocity through risers, ft./sec. 
Pr = density of liquid, Ibs./cu. ft. 
Py = density of vapor, Ibs./cu. ft. rere 
The head required to induce the flow of liquid 
through the downspouts can be calculated by equa- 
tion (18). 
ha = 0.6 va’ (18) 
Where va== maximum velocity of liquid through the down- 
spouts, ft./sec. 


(17) 


The maximum velocity in the downspouts usually 
occurs at the bottom of the weirs in the downspouts 
(between the bottom of the weir and the overflow 
pan). 

The method just described for calculating the 


Bbackup in the downspouts is based on liquid being in 


the downspouts. Actually it is froth instead of liquid, 


s0 a correction must be applied. It is recommended 


that the tray spacing be not less than 200 percent of / 
the liquid backup calculated by equations (15), (16), | 
(17) and (18). With well designed trays the calcu- 
lated liquid backup will reach 60 to 80 percent of the! 
tray spacing before flooding is encountered. Now 
and then, however, difficulties with vapor entrain- 
ment in the liquid downflow will be experienced and 
flooding will occur at a calculated liquid backup of 
less than 60 percent of the tray spacing. More reli- 
able information on vapor entrainment is needed to 


improve the design methods for column capacity. 
Reboiler Installations. When difficulties with flooding . 


occur at) calculated liquid backups of less than 60 
percent of tray spacing, the cause is frequently due 
to faulty ijreboiler installations, The liquid load in a 
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FIGURE 10 
Non-flooding complete trap-out reboiler installation. 


column is usually highest at the bottom of the strip- 
ping section and unless the reboiler installation is 
properly designed to handle it, flooding may begin 
at the reboiler. 

The installation shown in Figure 9 is particularly 
susceptible to this difficulty. In case the pressure 
drop through the reboiler is greater than anticipated 
the trap-out pan may fill with liquid and the lower 
part of the stripping section will flood. This will re- 
sult in a substantial increase in’ entrainment and the 
higher liquid load may result in flooding of the entire 
stripping section. Even though the initial reboiler 
installation as described in Figure 9 may not have an 
excessive pressure drop, the deposition of solid ma- 
terial sometimes occurs, which results in catetegee 
pressure drop and consequential flooding, 

The potential difficulties of the installation in 
Figure 9 can be eliminated largely by the slight re- 
vision shown in Figure 10. The liquid from the bot- 
tom tray. overflows into a trap-out pan which is in> 
stalled so that the liquid which will not pass through 
the reboiler will overflow ftom the trap-out’ pan 
directly into the bottom of the tower. Any liquid 
which overflows in this way will undergo consider- 
able vaporization due to coming in contact with the 
hotter liquid which passes through the reboiler. Thus 
with this type installation a part of the effect of one 
tray may be lost due to liquid. overflow from the 
trap-out pan; however, the loss of all the trays in the 
stripping section will be avoided.-The capacity and 
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| FIGURE Ti 
Kettle type reboiler instalation. 
























tion performance of a tower with a reboiler 
: ation Of the type shown in Figure 9 can in 
. aay cases Bo ieiproved markedly by the small revi- 
sion shown in Figure 10. The overflow weir must, 
however, be extended into the trap-out pan suffi- 
‘ciently far to prevent vapor passing up the down- 

ut. The height of the liquid seal should be not less 
than 2 (hy + hoy + h,.) at the bottom tray. 

The kettle-type reboiler shown in Figure 11 is 
somewhat larger for the same amount of heat transfer 
than the types shown in Figures 9 and 10. They are 
more difficult to maintain. Even so the kettle-type 
teboiler does not present as many difficulties with 
flooding because of pressure drop as in the case of 
the reboiler type described in Figure 9. Occasionally 
the kettle is installed in the base of the tower but 
this type installation has several undesirable features, 
particularly from the standpoint of maintenance. 


Conclusion 

Judging from the preponderance of information in 
the literature on methods for calculating the number 
of theoretical trays required to make a given frac- 
tionation, it might be concluded that this is the prob- 
lem of primary importance in the process design of 
fractionating columns. This is not so, however, More 
attention should be devoted to improving design 
methods for column capacity. Methods are available 
for calculating the number of theoretical trays which 
are reliable and reasonably rapid. Methods for esti- 
mating capacity are rapid but not so reliable as de- 
sired. 

The Brown method for calculating the number of 
theoretical trays was developed on a fundamental 
approach and has the additional advantage of being 
reasonably simple. The Brown and Martin method is 
empirical but seems to be as reliable as the Brown 
method. It is somewhat the more rapid of the two. 
Upon extending the Brown and Martin method to 
new applications, it should be tested by a more funda- 
mental method such as the Brown method, or by 
tray-to-tray calculations. After its ny has been 
proven, it is the preferred method. 

The method of Drickamer and Bradford seems to 
be the best available for estimating tray efficiency ; 
however, allowance should be made for flexibility in 
operation and inaccuracy in the design methods. A 
tray efficiency of 85 percent of that predicted by the 
correlation of Drickamer and Bradford appears to be 
good practice. 

The method of estimating tower capacity is rapid 
but a 100 percent safety factor must be applied to 
avoid difficulties with tower flooding. Flooding is a 
far more serious trouble than entrainment of liquid. 
The tower diameter is fixed on the basis of a maxi- 
mum allowable vapor velocity. Then tray spacing is 
calculated on the basis of the liquid backup in the 
downspouts necessary to provide the desired liquid 
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A= 


c= 


Cc. = 
Cs = 


D = Distillate or net overhead sarge 
d = Tower Diameter 
F = Feed rate ania 
H = Liquid back-up in down-spout inches 
ha = Head in down-spout to induce liquid flow inches 
how = Head of liquid over the weir inches 
hw = Height of weir above tray inches 
hre = Friction head due to flow of vapor through 
risers and caps inches 
J = (L/V)/(L/V) —1 
Imin = J at minimum reflux ratio (oo trays) 
k = Correction for constricting tower wall 
= Equilibrium constant = y/x 
Kay = Average K for rectifying or stripping section 
Ko = Value of K at conditions of partial condenser 
Ki = Value of K at top tray conditions 
K:2 = Value of K at conditions of second tray from top 
Kr = Value of K at conditions of feed tray 
Kms = Value of K at conditions of reboiler outlet 
Km = Value of K at conditions of bottom tray 
Km-1 = Value of K at second tray from bottom 
Kn = Value of K for heavy key component 
Ky = Value of K for light key component 
= Liquid load in rectifying section mols/hr 
L = Liquid load in stripping section mols/hr 
L’ = Liquid load over weir cu. ft./sec. 
M = Molecular weight of vapor 
m = Number of trays in stripping section 
N = Number of trays plus reboiler plus partial 
condenser 
N, = Number of trays above feed tray plus partial 
condenser 
Ns = Number of trays below feed tray plus reboiler 
N(r=1) = N at infinate reflux ratio 
n= Number of trays above feed tray 
P = Pressure (abolute) Lbs./sq. in. 
R = Reflux rate mols/hr 
S = Stripping factor = Kay V/L 
T = Temperature °F. abs 
U = Distance from center of weir to tower 
wall inches 
Ui = Distance from center of effective weir to 
tower wall inches 
V = Vapor load in rectifying section mols/hr 
V = Vapor load in stripping section mols/hr 
v = Maximum allowable vapor velocity in 
tower ft. /sec. 
Va = Maximum liquid velocity in down-spout ft./sec. 
vr = Vapor velocity through risers ft./sec. 
W = Bottoms product mols/hr 
w= Weir length inches 
wi = Effective weir length inches 
x = Mol fraction of a component in the liquid phase 
Xo = x for reflux 
x; = x for liquid on top tray 
X2== x for liquid on second tray from top 
Xe = x for liquid in region of zero concentration 
gradient in rectifying section 
xp = Mol fraction of a component in the net overhead 
x¢ = x for liquid on feed tray 
Xn = x for heavy key component 
Xm = x for liquid on bottom tray of column 
Xm-1 = x for liquid on second tray from bottom 
Xm-2:== x for liquid on third tray from bottom 
Xs = x for liquid in region of zero concentration 
gradient in stripping section 
Xy = x for more volatile key component 
Xw = x for bottoms product 
Xnp = x for heavier key component in distillate 
Xn¢ = x for heavier key component in feed tray liquid 
xnF = x for heavier key component in feed 
Xbe = Xa for heavier key component 
Xhs = Xs for heavier key component 
Xva = Xa for more volatile key component 
Xva = Xa for more volatile key component 
Xv¢ = xr for more volatile key component 
XvF = xr for more volatile key component 
Xvs = Xs for more volatile key component 
Xvw = Xv for bottoms product 
(xvy/Xn) ai = Xv/Xn at top of section of constant tempera- 
ture gradient in rectifying section 
(xy/Xh)st = Xv/Xh at bottom of section of constant tem- 
perature gradient in stripping section 
y = Mol fraction of a component in vapor phase 
Yo = y-of vapor from reflux drum 
yi = y of vapor from top tray 
yY2 = y of vapor from second tray from top 
ys = y of vapor from third tray from top 
yr = y for vapor from feed tray 
Ym+1 = y for vapor to bottom tray 
Ym = y for vapor above bottom tray 
Ym-1 = y for vapor above second tray from bottom 
Yvt = yr for more volatile key component 
f= a function 
C= K/Kn 
“y= Kv/Kh 
A= L—L mols/hr 
= = Summation symbol 
py = Density of vapor lbs./cu. ft. 
pu = Density of liquid Ibs, /cv. ft. 
fe te ae 


Nomenclature 


Absorption factor = L/K V 

Number of trays over section of constant tem- 
perature gradient 

Correlation value from Figure 4 for Equation 12 

Correlation value from Figure 4 for Equation 12 
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Example Design Using a cold reflux.ratioof 12tol: 
2 4 Lo a +D 
2 Problem oe ss 
t A depropanizer is being designed to make the fol- iar one. mS By ee 
: lowing separation: fa oe 
: ite Mols./ | Lbs./ | Gals./ | Mole./) Lbs./ | x 25 Ube. F $: 
s Tie sh Hr. | Hr. | Hr. . | He |* 127°. | Mol/K | Mol. % 
a t A) Mari sasee 575.5 | 25,300| 5,910 | 627.3 | 27,580) 117 | 536 | 75.5 
moni ribet tes | 4000 | 94s | sca | 4760| O47 | 173 | 966 
as Feed Net Overhead | Bottoms Total... e540 | 90000 | asus | fees | oShm0 700 
‘otal... J , , ° & me UES 100.0 
Propane... ... 5c Daigle sb Cepia aalty Saree p. : , ait . 
| eee BP Srere rey Pee ree rw 5 < tat 
Soaps. Les dob ee ae 60 eas 60.0 Pac —— = 127° F. ars 
1= 
WHORE onc hk ee ee 491 54.5 436.5 ; 
: ’ 2. Net Heat Balance 
The tower is to operate at 200 pounds per square inch, gauge, 
with a 5 pounds per square inch pressure drop to the reflux . 
drum. The net overhead will be removed as gas from the Btu./Lb. 
—y a A a = ‘an af wil] 7“ The = Net Overhead Lbs./Hr. | Vapor 127° | Liquid 100°} AH Btu./Hr. 
ir is a iquid at . Calculate the number of trays, the 
r eee diameter and the tray spacing to be installed. aaa. —_ 4 * Yo iy} % 
; olution A ct 
| Note: Equilibrium constants used are the MIT constants. Heat 2,440 wees = tees 350,000 
balances are based on enthalpy charts which were prepared from Reflux Lbs./Hr. | Vapor 127° | Liquid 115° | AH Bta./Hr. 
data in the literature on the individual hydrocarbons. Mol per- 
centages are used in the calculations instead of mol fractions. Reece ar 800 ~ 4 = “yn 
~- of goesers2 Se ewe 29,900 Se re see 4,120,000 
. Set up material and equilibrium balances Rare ES" 
. a. Calculate temperatures of reflux drum, tower top and Bettems Lbe./Hr. | Liquid 220°'| Ligeia 109") 8 ite herent 
bottoms. Cs sith ca tntilicadc ye we 14 38 128 jy 
- 2. Make an overall heat balance. Ae ceereeereres. ’ ’ 
a. Determine reboiler duty. nics sont ie — = = = 
° 3. Calculate liquid and vapor loads in column i 26,110 et ef rey 1,810,000 
" a. Vapor from reLoiler eboiler Duty— 6,280,000 
r b. Vapor to and liquid from the top tray. cxiestne aa ema iere: ies > uk ees 
r 4. Apply Brown’s method for theoretical trays., 
k a. Calculate feed tray composition 
% b. Estimate the theoretical trays 3, Liquid and vapor loads 
:, c. Calculate tray efficiency ; : PEERS 
r d. Estimate the actual trays to be installed. a. Vapor from Reboiler (by heat and equilibrium balances 
“ 5. Apply method of Brown and Martin for theoretical trays around reboiler): 
a. Estimate minimum theoretical trays ) : 
b. Estimate minimum reflux ratio Assume vapor of 896 mols./hr. p 
c. Estimate theoretical and actual trays. = 
6. Calculate tower size Assume Liquid to Rebeiler at 215° F. 
a. Calculate tower diameter VAPOR a 
| . : : 
b. Calculate tray spacing and tower height. Mols/Hr” | Lbe./lir. | Mols./Hr.** K 215 Lbs.| (Mels.) (K) 
Calculations : tT pe. 255 asec 9.9 440 12.1 2.21 26.8 
1. Material and Equilibrium Balances EELS 821.6 47,600 1195.9 1.04 1248 
BA isis dace 24 oi 64.5 4,650 124.5 0.50 62.3 
CHARGE 896.0 52,690 1332.5 Yeas 1332.1 ; 
Mols./Hr. Mol. % Lbs./Hr. Gals./Hr. Rebciler inlet temperature = 215° F. ¢ q g cA , - 
54 11.0 2,380 560 _,. * Analysis calculated above. eames > 
377 76.8. 21,850 4490 y ** Dm = Vines + WwW ee, i 
60 12.2 4,320 820 : sae ae 
491 100.0 28,550 5870 4 
ee Reboiler Duty : 
j Assume Reflux Drum at 115° F. 
NET OVERHEAD negen Betioces Btn. /He. 
\ . 
Mols./Hr, | Mol % | Lbs/Hr. | “f15*° | Mols./K'| Mol. % Lbs./Hr. | Liquid 220° | Liquid 215° | AH Btu. /Hr. 
RRR 51.8 95.0 2,280 1.06 48.9 88.0 : 
ae 27 soy} 10 | om | 66 | 120 © Gel] anego 103 100 3 000. 
5) Saas eee . I 3 10,000 
54.5 100.0 2,440 he 55.5 100.0 % — ew wi si 
26,110 80,300 
Reflux drum at 115° F. Vapors 
: . Lbs./Hr. Vapor 220° | Liquid 215° | AH Btu./Hr. 
. .. ww of Assume Vapor from 
h BOTTOMS 1 Reboiler at 220° F. > SP INS AAAI Ps = ” = ; a 32,000 
ome + = Wn 6 ct coresv ses * 
215 Lbs. Geiss. Veen aigs 4,650 227 101 126 586,000 
Mols./Hr. | Lbs./Hr. | Mol. % | Gals./Hr. K529° (Mols.) (K)} Mol. % als - - 
C.....) agi 100 Nd 05 20 2.25 5.0 Eee a MRE: Se seh 80,300. 
: Ce....| 3743 | 21,690 85.7 | 4,450 1.07 | 400.0 91.7 EB 
Cs.....| . 60.0 4,320 13.8 820 0.52 31.2 7.2 6,263,300 
? 436.5 | 26,110 100.0 5,290 es 436.2 100.0 ‘ 
Bottoms at 220° F. 
ns 
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EXAMPLE OF SOLUTION—Continued 














Q Ps 
ty be 


i, oer aa 4,120,000 — 82,400 





b. Liquid and vapor loads at top of column: J 4 PaaS — 600 mol { 
Material “paras around top (See Figure 1) : ’ uted enn ee 6,745 Rick om he ie , 
2 : ed ae ; ut 
Net Heat Balance around top: = 34,200 Ibs./hr. 9 <" y pox : 
D(H: — H:) + 2. (i, — hi) =R (H, TRE he) Vapor below feed plate : : 


Assume heat content same as for liquid on feed tray 





















































































































































pe adel Ys = 2.5% Trays for rectifying section 


xt=T/V—K,  °1332.5/896 — 0.41 
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L/V = 600/654.5 = 0.919 (above feed plate) 


xX. + xs = 100.0 — 6.2 = 93.8 L/V = 610/664.5 = 0.917 (at top of column) 
aso. + be ase =975 GHIY (L/V) av. =0.918 
=128; ys—24 
x= 810; y= 728 For Ca; Key = 27 £9 _ 068 
Induced reflux above feed plate : ep Average L/KeV = 0.918/0.68 = 1.350 
Assume heat per mol same as for liquid on feed plate. 
Heat net overhead from 195° to 127°: yr—Yi 71 2—11.5 
| = . yr—Kix, 71,2 — (047) (120) ~ 2-913 
Btu./Lb. : 
Theoretical trays are 4.4 by Figure 2 
Lbs./Hr. | Vapor 127°) Vapor 195°} AH Btu./Hr. _ Trays for stripping section: 
ot SS eT 2,280 184 220 —36 —80,000 L/V below feed = 1306.5/870 = 1.5 
BE EME ES chniny es 160 190 205 —15 —2,400 boast 
; 2,440 Pe? ca ify —82,400 ‘L/V at bottom = ~gog— = 1.49 
Latent heat of induced reflux (based on feed plate analysis): Avernns L/0 2345 
ye 1: 
LR For Ci; Ke = 225 198 = 2.09 a 
Mois. Lbs. Vapor 195°|Liquid 195°} AH Btu./ 106 Mels. K Vv 
ies eck 12.8 500 | 220 111 109 61,000 Average —+— = 1.40 
oem Saw T ) 4700 205 87 118 555,000 L 
Ree kins do « 6.2 450 219 89 130 58,500 
(12.1) (100) 
100.0 5710 cathe = Seles 674,500 Xm = “73305. = 0.91 


Material Balance : ‘ i 
Assume L,= 610 mols/hr. and check by heat balance Heat bottoms from 195° to 220°: 
Li D Va Btu./Lb. 
Mol. % | Mols./Hr.| Lbs./Hr. | Mols./Hr.| Lbs./Hr. | Mols./Hr.| Lbs./Hr. Lbs./Hr. | Liquid 220° | Liquid 195° | AH Beu./Hr. 
ia 75.5 460 20,250 : ) 53 Be ie ten si napa ces 100 163 111 52 5,200 
Ce ms | iso | ‘ero | “a7 | “too | tear | “ammo Cece] agg 108 89 15 50000 
PA jf 100.0 610 28,950 54.5 2,440 664.5 31,390 ‘aan os aan 
eS = 
Equilibrium Balance on 2nd tray: Assume 135° F. and 140° F 6.280.000 — 415.200 
, Vapor = ———~¢ ge = 870 Mols/hr. 
Vo K 215 Lbs. !| 215 Lbs. a F ee 
Mols./Hr. 140° Mols./K 135° Mols./K / = 49,700 in Jar. ; , 
eee 511.8 1.30 304 + 125 410 Mivppie sd feed tray analysis based on liquid and vapor loads at 
ated cass 068 sees 698 L = 870 +.436.5= 1306.5 ) - 
V = 870 
, Temperature of 2nd tray = 138°. 
60/870 a 
Heat Balance . F or Cs; xr = 1306.5/870 me 0.41 = 6.3% ; w= 2.6% 
D Xe a X3 = 92.7 
Lbs./Hr. He Hi AH Btu./Hr. 0.90 x, + 1.93 xs = 97.4 
Xs= 13.6; ys=262 
S > GU LE ae PA — = a : _ x, = 80.1 : %, 25 71.2 
ipa daaaada hrtsilaeetsiseninti Check analysis by equation (7) : 
bs 16,480 L/D = 600/54.5 = 11.0 
Lbs./Hr. He hi AH Btu./Hr. r+ mee Po wng.5 
en, 4253 20,250 190 47 143 2,895,000 —— — TRS os: = ~—144 
Sa 8,700 193 61 132 1,150,000 F 491 2d 491 
4,045,000 (L/D) xst + xv*_ (11.0) (13.6) +. 95.0 __ 0273 
(L/D) xe +xn” (11.0) (8k0) +50 ~~ 
Total heat in with D and L = 4,061,480 Ka. 
Total heat out with R = 4,120,000 (close enough) (L/D) \ rt (3 pie et 
Xr —— ) x 
, — (11.0) (11.0) + (1.44) (95.0) _ 
4. Brown’s Method ug (11.0) (76.8) + (1.44) (5.0) 0.303 
a. Feed Plate Composition: (L/D) xe + 
aX, Assume feed plate temperature = 195° F. 
> For Cs Yar/Yer = 26.2/71.2 = 0.368 
i — iad Thus assumed feed plate temperature is correct 
Wx«/V" _ 60/896 b. Estimate of Theoretical Trays 


™ SEE NEXT PAGE 
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EXAMPLE OF SOLUTION—Continued 




















xe Ba $3600 
a = 11 =0.970 
xt— a 13.639} 


Theoretical plates = 7.0 by Figure 2 


Theoretical Trays: 



























































Number 
Rectifying: section 36.5 3488 62 his ciwen pees 4.4 
BOR poh i Sie aka s ae ie bn cae bee 1.0 
Strippiie’: GRGHOR: kn ns Vas Sect eis 7.0 e 
PORE OSes ews pide CL cee cet eees 12.4 
c. Estimate of tray efficiency: 
127 + 220 ~ 
Average tower temperature =-~—j——_ = 174° F. 
Feed Viscosity at 174° F. 
Mol. % Centipoises (Vis.) (Mol. %) 
Cs... ei Tiras 11.0° 0.057 0.627 
Gy... bs 76.8 0.120 9.200 
ES 12.2 0.150 1.830 
ee 1 eh 11.657 
From Figure 5, efficiency = 74% 
Use tray efficiency of (0.85) (74) = 63% 
d. Actual trays: 
Number 
Mactitetas SOR is ooo boas opica donee 7.0 
MAGE UONE ike os 5.0% ce Mlb a bose ee oe one 2.0 
Stripeesil -OGttOn © oo. cnc ce shi chao nes 11.0 
TO ics ice Xs ewads den s2 eres candles 20.0 
5. Method of Brown and Martin: 4 
a. Minimum number of trays: 
Calculate down from top, tray to tray, until a constant 
temperature gradient is obtained: —< 
215 Lbs. 215 Lbs. 
xo Ki 127° x1 K2 140° x2 
eee 88.0 1.17 75.1 1.31 57.3 
hs .|s ssssukeeseue 12.0 0.47 25.5 0.59 P82 
1000 100.6 100.5 
ti—to = 12° and te—ti = 13° so O.K. 


Calculte up from bottom until the plate to plate tem~ 
perature gradient is constant: ~ 











215 Lbs. 215 Lbs. 
Xm Km 319° xm-1 | X=? 295° x03 
Rae Ll 2.18 24 2.11 5.0 
ee nee eee 91.7 1.025 94.9 0.99 93.0 
BRP, 72 0.49 3.5 0.45 1.6 
100.0 99.9 99.6 




















tm: —tm = 215° ~~ 210° = 4 > tm — tm-1 = > as A ag 





Pre f 


= SB oa 
= ae = 1.327 
iS =f =047 
(fe), = Tar = 045 


(Xve/Xhs) 21 = (04/200) )- 4 


+e. ee eA 


uns 
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0.0538 = 1.327 (0.46)°"" 
c+1 = 4.16 
= 3.16 
Total trays = 2+ 3+ 3.16 = 8.16 
Nw -» = total trays + reboiler + partial condenser = 8.16 
+14+1=10.16 Sey, 


hk keke 


AT 4} 


b. M#rimum reflux ratio: 
Assure temperature at zero gradient in. rectifying section 
of 185° F. 
Assume L = 200 mols/hr. 
x; = 1.80/0.80 = 2.25; he = 200/54.5 = 3.67 








First trial: WK y 
95.0 

Xea.= 100.0 — 20.7 = 79.3 mol% 

Second trial : 
Fa 95.0 : = Ogi 
x= (225 — 1) (3.67) + (225) (50)/79.3 — 2! mol% 

X«e = 100.0 — 20.1 = 79.9 mol% 
Liquid load in stripping section : 

L=L+/ fF 

From previous calculations fF = 1332.5—610 

= 722.5 mols/hr. 


L = 200 + 722.5 = 922.5 mols/hr. 
L/W = 922.5/436.5 = 2.11 
Assume temperature of region of zero gradient in stripping 
section = 190° F. 
ax, = 1.88/0.86 = 2.19 
x; = 0.335/0.86 = 0.39 
First trial 


(2.19) (85.7) 


(2.19) (13.8) ee 
xe = (2.19 — 0.39) (2.11) +0 80 mol% 


Xss — (by difference). 17.2 mol% 
Secbnd trial 








(2.19) (85.7) 
= (219—1.00) (2.11) + (1.00) (0.5) /i72— 739mol%, 


(2.19) (13.8) 
= (2.19 — 0.39) (2.11) + (0.39) (0.5) /17.2 — 


18.2 mol % 
100.0 








79 mol % 


Xse = (by difference)......:.......... = 


Check on assumed L, by equation 12: 
Xve/Xna = 20.1/79.9 = 0.251 
Xve/Xne — 18.2/73.9 = 0.246 
0.246/0.251 = 0.98 


(100) (100) 


(100 — =C,<x,) (100 — 2C,x.) ~ Xe Xve 
Since there are no components lighter than the light key 





= 0.98 


component 





=C, x= 0 Ri, 
(x,—1)(«) = (1.19) (0.39) = 0.465 cc, * 
C, = 1.14 (Figure 5) Fy ae 
2C,&x~. = (1.14) (0.39) (7.9) = 3.5 

(100) (100) as 
£100 — 3.5) (100) 1.037 which is greater than 0.98 









ferdgin= ty fi 


% 


Thus the true value of L is slightly greater heii 200 but Fae 


this is close enough for the purpose. ——>? 


c. Estimate of trays: 
Applying Figure 3 


L/V _1332.5/896 





L/V = 610/664,5 ~ 162 
® SEE NEXT PAGE 


x“ £593) | 


1oL 











EXAMPLE OF SOLUTION—Continued 











L/V __ 922.5/486.0. _, 4, 
L/V/ mia” 200/254.5 ~~ 
1,62 — 1.00 0.62 
2421.00 — 1.42 — 9-456 
N/N ew» = 1.38 from Figure 3 " 


N = (1.38) (10.16) = 14.0 


Theoretical trays exclusive of reboiler and reflux, 


drum = 14.0— 2=—12.0 compared with 12.4’ by the 
Brown method. 

Ratio of trays above feed tray to trays below feed 
including partial condenser and reboiler: 


Dat )ee) 
D XvF XhD 


(M2) ay 
545 /\11.0/\50 





log (N./N.) = 0.206 log] 


= 0.206 log] 


= —0.052 
N./N, = 0.888 
N+ N,.=—=N—1=—13 

N, = 13/1.888 = 6.9 

N.=6.1 
Note: The equation, suggested by Brown and Martin for 
estimating the ratio of rectifying and stripping trays, 
gives N,= 4.9 and N,=8.1 which is an improper dis- 
tribution of trays between rectifying and stripping sec- 
tions. 
Theoretical trays: 


Number 
a ae 5.1 
Ns St RS Soins dis bok as oapgs 1.0 
I ON 0's Bin wa bik-ad's 0 oboe oe xk 5.9 
12.0 
Actual trays based on 63% efficiency: 
Number 


Rectifying section 
I Gh poss sc oi nc e-oe kes ema’ 2.0 
Stripping section 


20.0 
Thus the agreement between the Brown and the 
Brown and Martin methods is good. 
6. Calculations on Tower Sise 
a. Tower diameter: 
Maximum vapor = 896 mols/hr. 





__ (896) (379) (15) (680) oo, 

(3600) (215) (520) 8.6 cu. ft./sec. 

Allowable velocity = 3.5 (35)"= ate (ai, = : 
= 0.81 ft./sec. 


Cross section area = 10.6 sq. ft. 
d= [(1.275) (10.6) ]** = 3.67 ft.— use 4.0-ft. 
b. Tray spacing 

Assume tray to be one pass having weir corresponding 
to chord of circle. Assume vapor riser area to. be 

‘ 12% of tower cross section area and weir length to 
be 80% of tower diameter. 
1. Assume weir height of 1.5 inches 


om . ee 
2. how = 30k (a) 


Liquid from bottom tray: 





























ce Deeg 
ee Mols./Hr. bs Lbs./Hr. | Gals./Hr. at 60° F 
ES ae 12.1 530 | 124 
Ca... | 1195.9 69,300 14,220 
ED te 124.5 8,970 3 1,710 
~~ 4832.5 78,800 | 16,054 
73,300 22—CO #) 
Sp. ar. at 60° F. = — ———= 0.59; Sp. gr. at 215° F.=0.475 
(16,054) (8.33) 











(16,054) (.59) 





Volume at 215° F.= (475) (3600) (7.48) = 0.741 cu. ft./sec.. 


w = (48)(.80) = 38.4 inches 


741 
hinw = Wk (aa 


w/d= 0.80 

From Figure 8, U/d=0.2 

U = (0.2) (48) = 9.6 

Assuming how = 2.25; Ui: = 9.60 — 2.25 = 7.35 


U; 7.35 
d~ 48 


23 
= 2.16k 





= 0.153 
From Figure 8, = = 0.72 


ae ot ee oe Bill 


= 10 
how = 1%, 07) (2.16) = 2.3 inches (close enough) 


jiiin no @ e) 
2: hire = Ve (= 


Riser area = (0.12) (16) (.785) = 1.51 sq. ft. 


so 
Vr = 151 = 5.70 ft./sec. 








52,690 
Py = 73600) (86) 1.7 lbs./cu. ft. 
78,800 my 
a= (16,054) ( 59 ) = 39.5 lbs./cu. ft. 
475 


1.7 
he. = (5.7)? 305 — 1.4 inches 
4. ha= 0.6 va? 


Assume distance between end of downspout and 
bottom of overflow pan is 1.5 inches. 
Minimum area = (1.5) (38.4) /144= 0.40 sq. ft. 


741 
eT ee 


ha = A 6) (1.85)* = 2.06” 
H=2(1. 5 +2.3) + 1.40 + 2.06 = 11.06” 
moe spacing = (11.06) (2) = 22.12”, use 22.5” 
Allow (1.5) (22.5) = 33.75 or 34 inches of tower height 
above the top tray. 
on 3 minute holding time at half full below bottom 





= 1.85 ft./sec. 


5200" allie bottoms at 60° F. 


(5290) (- a= 6640 gal/hr at 215° F. 


= 14.75 cu ft/minute 


Volume of tower below bottom tray: 
(3) (2) (14.75) = 88.5 cu. ft. 
Height of tower below bottom tray : 


88.5 c 
(0785) (16) = 7.05 or 7 ft. 


; 36 + 84 + 19(22.5) 
height = 12 





Tower 
= 45.6 ft. 


Install feed connections at the 7th, 9th, and 11th 
trays from the top. 
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A comfortable and well-equipped class room allowed instructors to bring their demonstrations into close observation 


Three Hours of Training 
Improve Pump Efficiency 


At Baytown 


A T BAYWAY refinery of Standard Oil Company 
of New Jersey there are well over 2000 steam and 
electric pumps performing productive operations, and 
constituting one of the chief maintenance problems. 
Each pump and each motor can fail in any one of a 
number of ways unless correctly operated, and each 
can waste power through inefficient operation; in 
aggregate this can mount to a substantial loss. 

Under a program of preventive maintenance, all 
pump and motor operators are made highly conscious 
of these facts: 
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—that theré is one correct method for starting, 
operating and stopping a unit, and that method is 
not only the most efficient but also the best preven- 
tive against breakdowns. 

—that breakdowns can be greatly minimized not 
only in number but also in severity. 

—that the operators’ own eyes and ears are of the 
utmost importance in detecting potential failure or 
serious trouble. 

.At Bayway, the preventive maintenance program 
was keyed to a training course which was given to 

’ 
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A demonstration of the proper method for starting a steam duplex pump 


top supervisors on down to pump and motor oper- 
ators, While the effect of such a program, which, 
of necessity must center around the training course, 
cannot be fully measured, the following comparisons 
of specific breakdowns at the refinery over two 
winter-month periods indicate in part the program’s 

















value: 
Before Program | After Program 
Nov. 1942 to Nov. 1943 to 
April, 1943 April, 1944 
Cracked steam cylinders due to freeze-up. . its 3 25 8 
Cracked liquid ends due to freeze-up. . ay 12 6 
Burned-out motors due to improper startin eee 20 6 
Bearing failures due to angreper care of ubricant, | 
spraying cooling water into bearing, etc. , 130 | 60 








War Manpower Commission’s 20-hour Instructor 
Institute Course. These men worked out a course 
aimed to meet-specific problems in their own refinery, 


The training course itself was devised and con- 
ducted by six instructors from process and mechani- ff 
cal departments who had previously been given the 













Necessary equipment was installed in a room 22-40 


feet, arranged as shown in Figure 1. Large gauges, 


meters and indicators were selected and so placed as 


to be easily seen by members of the group. A large _ 


clock was equipped with a second hand; which coi!d 
be used-in timing the steam pump. 

Operating the equipment involved taking suction 
from the 3x6-foot tank, filled with fresh water’ and 


colored with red, and discharging with either pump— 


through the overhead connection back into the tank, 


The tank was made from a salvaged section of stack. 


Orifice flow meters of the large face indicating type 
were connected to the live steam supply and to the 
liquid discharge pipe. Orifice sizes were adjusted to 
give readings in even hundreds of pounds of steam 
per hour and even thousands of gallons of liquid 
flow per hour. A glass nipple provided a view of the 


-liquid returning to the tank, The tank was covered 


to support the swing suction pulleys and to prevent 
splashing which occurs particularly when demon- 
strating loss of suction. 

A motor-driven winch, operating on a 25-to-1 ratio, 
was connected to the-internal swing suction and used 
to demonstrate the effects of loss of suction. Bleeder 
valves, drips, electrical starting equipment followed 
standard installation practice. One plug was incor- 
porated in the design so its correct operating proce- 
dure could be demonstrated. 

The duplex steam pump was connected to outport 
exhaust since no exhaust main was convenient. It 
was equipped with a stroke counter to assist in 
demonstrating over-speed and proper speed as de- 
scribed in the text. 

The motor-driven centrifugal pump, pedestal type, 
was connected to a 10-horsepower,* explosion-proof 
motor, rated to deliver 60 gallons per minute at 75- 











STEAM iW 
LEGEND 
$: u iD FLOW METER 2: X 3’ WATER TANK G- cones PLATE 3a ene T M-PLUG van ye Q- rae FLOW METER 
“MOTOR DRIVE N WINCH “temre RATURE IN ete nn 10 H. P. TOR NT RIF UGAL PUMP N-STEAM DUPLEX PUMP R-MAIN SWITCH 
| e- SWING SUCTION F- =STARTING SWITCH }-INDICATING PRESS. GAUGE - STROKE COUNTER — P- ~ MECHANICAL LUBRICATOR 


STEAM OUT 
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Diagrammatic Piping and Instrument Layout for Centrifugal and Reciprocating Pumps 
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Lowis H. Zepfler, steam and power engineer, points to the result when Improper operation of plug valves is shown by a new plug left and one, 
drain valves are not opened, The cracked cylinder came from freezing right, damaged by throttling and improper lubrication. 
water. 


prov yf 


t 75- 


Much of the teaching at Bayway was by visible 

approach. Men who daily operate equipment 

sat down and watched the consequence of 
improper operation, 


Damaged parts were brought out for inspection 
and the reason for the damage was evident. 


At the right are the broken springs and dis- 
torted ball valve from a pump, which had 
operated at too high speed. 


10§ 








Above is the score on overspeeding a steam 

duplex pump. Strokes per minute go up, steam 

consumption increases, gallons pumped in- 

creases but slightly and the result is steam 
loss. 


At the right Louis H. Zepfler is counting the 
strokes per minute while the pump strokes are 
mounting. 
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foot head. Its operating speed was 
1750 rpm, full load 12.5 amp. 440 
yolts. An ammeter, connected to 
the motor, was used to demon- 
strate proper and improper opera- 
tion when starting and during 
operation of this pump. A tem- 
perature indicator-recorder was 
connected at both the pump stuff- 
ing box and the gland, 

The pumps were mounted on 
wooden foundations and equipped 
with drain pans, so as to stimulate 
actual plant operating conditions. 
Brightly colored lubricant con- 
tainers, with the name of the 
lubricant stenciled on each, were 
| kept adjacent to the pumps. 

Next a tentative course was 
outlined by the’ instructors and 
timed for a series of three one- 
hour sessions. The instructors 
alternately wrote and rewrote the 
course, trying it out on each other 
and upon the management. When 
smoothed out, it was reduced to. 
a manual form which was printed 
complete with a timetable to show 
exactly how much time to spend 
on each point, complete directions 
for the instructor, and text for the 
essential points to be covered. 

The reason for this rigidity and 
uniformity of presentation was to 
achieve an integration so that all 
who took the training course re- 
ceived exactly the same instruc- 
tion. The heart of a preventative- 
maintenance program, it was 
learned, is an agreement between 
an employe and his supervisor 
and between employes of different 
departments as to what axactly constitutes the “right” 
method, and what a certain danger signal portends. 

The Bayway course was not entirely visual train- 
ing; in fact auditory training—the interpretation of 
sounds in a pump or motor—constituted one of the 
most important parts of the course. At the expense 
of perhaps slight damage to the demonstration equip- 
ment, the instructor often operated it the wrong way 
tofix in the men’s ear the peculiarities of the various 
danger sounds. The sound of a faulty ball bearing 
was demonstrated by spinning a noisy, scored bearing 
and then spinning a good bearing that is silent in 
Operation. 

One of the most convincing demonstrations in the 
Bayway course, to judge from the interest it created 
in the classroom, was the one on overspeeding of the 
steam pump. In this discussion, the instructor ex- 
plains what he is going to demonstrate, starts the 
pump and when it reaches its efficient operating rate 
of 48 rpm, readings are taken from the various gauges 
in gallons per hour of throughput and pounds of 
steam consumed per hour. Then the pump is speeded 
to approximately 60 rpm while the same readings are 
taken at that speed. When tabulated, as below, loss of 
eficiency and waste of power becomes immediately 
evident. : 

The course includes many demonstrations of this 
Mature not only in connection with the operation of 
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The wrong way to tighten the packing gland on a centrifugal pump is demonstrated by 
George A. Lloyd, light oi! treating department. 








Steam Flow Pounds Steam 

Speed RPM Lbs./Hr. Gals./Hr. | Per 100 Gals. 
a cis p beaks 5 dts bi d-0 > 600.4 ikm econ 100 2800 3.6 
Ws. theese home bs ease Rhee da tc ceselh 350 3200 10.9 
Ee RE ees Ee cae pay 7.3 

















the motors and pump, but also on the operation of 
various valves, right and wrong way to make gland 
adjustments, motor-switch operation, effect of loss 
of suction, etc. 


The course is actually very brief and takes up in 
sequence, the steam pump, the electric pump, and 
the steam turbine, with information on valves and 
other equipment woven into the main themes. When 
first given last winter at Bayway the classes con- 
sisted of 12-22 men each, were held outside of work- 
ing hours, and compensation was on the basis of over- 
time pay. Altogether more than 570 have attended 
the course and they probably will be given refresher 
training from time to time. 

A very natural psychological handicap for the in- 
structors arose from the fact than many of the men 
attending the classes had been operating pumps for 
10 to 15 years and with that experience behind them 
they were not always convinced that they needed 
training after that many years. This called for the 
exercise of considerable discretion on the part.of the 
instructors, who. were careful to inflate rather than 
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deflate any oldtimer’s pride in his operating knowl- 
edge. The right way of operating a pump or valve 
was presented, not as the way the instructors had 
figured it out, but as the way the manufacturer of 
the equipment recommends. 

The sessions were completely informal and every 
one was encouraged to talk at any time, which they 
did on many occasions, especially when an instructor 
himself did something wrong. On one occasion a 
member of the class took definite exception to a step 
in the recommended way of starting a certain unit. 
He was given a chance to prove his procedure was 
better, which he did, and his method was then in- 
corporated into the instruction manual, and thus was 
passed on to other groups. 

At the conclusion of the course a small folder 
suitable for carrying handily in the pocket was given 
to each person to remind him of some of the points 
made in the course, and covering also the recom- 
mended speed of steam-driven pumps. 

While actual cost comparison figures are not yet 
available to indicate what the course has achieved in 
that direction, the very definite reduction in certain 
types of failures has already proved its worth. Other 
indications have been .evident in various employes 
reactions. Since completion of the first series of 
sessions on steam pumps, a marked improvement 


108 =—- [342] 


The class gets a demonstra- 

tion in the proper procedure 

for starting a motor driven 
centrifugal pump. 


in operating speeds has been noticed at ‘the refinery. 
There has been an increase in the realization that the 
recommended types of lubricants, must be used and 
other good. signs have been evident. Within a week 
after the motor-pump sessions, three serious break- 
downs were averted by men making use of their new 
knowledge. Two of these concerned an unusual oper- 
ating noise they had been cautioned to notice. 

On one occasion an operator detected in his pump 
an unusual noise, and, mindful of the training course, 
he called in the machinist to locate the trouble. The 
latter said that the pump squnded all right to him 
and would go no further to investigate. The operator 
thereupon went to his department head and said that 
he was sure something was wrong with his pump. 
The departmient head then had the pump dismantled 
and it was found that an impeller nut had shaken 
loose and the centrifugal vanes were very near to 
flying loose in the cage and causing complete dam- 
age to the unit. The machinist came around shortly 
afterward to apologize and add: “It won’t happen 
again with me.” 

Simple as the incident appears, it shows that the 
effectiveness of a preventive-maintenance course de- 
pends very greatly upon complete integration of the 
preventive rules so that there is a minimum of dis- 
agreement all the way around. 
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Time Saving Computing Instruments 
For Spectroscopic Analysis _ 


T. D. MORGAN and F. W. CRAWFORD 
Research Department, Phillips Petroleum Company 


\ HEN an infrared spectrophotometer is used for 
making analyses of multi-component mixtures the 
data consist of galvanometer deflection readings. 
These deflections are caused by approximately mono- 
chromatic infrared light reaching a sensitive thermo- 
couple. Two deflections are read at each pre-selected 
wave length; one (I,) with an evacuated cell in the 
light path and the other (1) with the same cell con- 
taining the unknown mixture in the path. The ex- 
tinction (K) of the absorbing gas is defined as log 1[,. 

I 

The computation necessary to get these extinctions 
may be done by logarithms, slide rule or by the elec- 
trical computing machine explained below in which 
every mathematical operation in the above computa- 
tions has an electrical or mechanical counterpart. 

By way of illustration, here is a set of simultaneous 
equations such as are encountered in the process of 
analysis by infrared spectrophotometry. These equa- 
tions are set up from instrument calibration and 
sample data where 


xX, y, Z... are percents of the components of the mixture 
AL BG . are extinction coefficients from instrument 
calibration 
K ... are extinctions measured at appropriate wave lengths 
for a particular sample. 
Axx oh Buy a Cz a a ae ee = K, 
Asx + By + Cz + wale SS = K, (1) 
Asx + Bsy + C3z + ebb ae = Ks 
Aax+ Bay+ Caz+...... = K, 


The method and machine of this paper work best 
when, in these equations, A,, B,, C,... are large com- 
pared to the other constants. 


Method of Computation by Successive 
Approximations 


The method of solution herein outlined consists in 
systematically making successive approximations to 
the correct solution of the problem. By this method 
it is first assumed in Equations (1) that the extinc- 
tions of all the components except x are negligible, 


so that to a first approximation x’ = -—~ (Primes of 


Ay 
the variables x, y, z.. . will be used to indicate the 
order of approximation.) In the second of Equations 
(1) assign the value of x’ to x and assume that the 
extinctions of all the components except x and y are 
negligible so that 
Kz Az 


—— aes , 


a B: ee 


In the third of Equations (1) assign xx’ and 
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Cuenca plants over the country, having reached an 
all time high in the production of war materials, depend 
on rapid analytical methods as a guide in keeping ‘‘on 
stream.”’ Successful opplications of spectroscopic meth- 
ods to these analytical problems have shortened the time 
interval from sampling to completion of an analysis at 
a big saving in technical manpower. The principal time 
consumed now in a multicomponent analysis by spectro- 
photometry is due to the rather lengthy. computations. 
Several short-cut mathematical methods have been de- 
veloped in attempts to reduce further the over-all time 
for completion of an analysis, but this paper presents a 
method of demonstrated usefulness as well as a descrip- 
tion of electrical computing instruments for carrying out 
the steps of the method. 

One instrument herein described wiil in principle 
quickly solve any set of simultaneous equations of the 
type ordinarily encountered in either absorption spec- 
trophotometry or mass spectrometry. In particular, an 
instrument for solving seven equations in seven un- 
knowns has been developed and its practicability dem- 
onstrated in field tests at the Plains Butadiene Plant 
Laboratory, Borger, Texas. Aslo, a second instrument 
has been developed for reducing spectrophotomete 
data to extinctions. 














y =y’ and assume that all extinctions are negligible 
except those of x, y and z; then — 

‘—_— K Bs As , 

pias fo. ter on ee 
This procedure is repeated for each equation until a 
first approximation for each component has been 
found. A second approximation of x, designated as 
x”, is computed by assigning the first approximation 
to all the components except x, which yields: 


pee es Te 
ee ee 

Similarly a second approximation is found for each 
component. It will be found that after a few approxi- 
mations have been calculated, each successive ap- 
proximation yields values not much different from 
the answers of the preceding approximation. The 
experimental errors of the original data determine 
when it is impractical to carry successive approxima- 
tions further. The accuracy usually will be of the 
order of one percent when the spectrophotometer is 
of the small routine type. 

The mathematical representation of what happens 
when successive approximations are made is illus- 
trated by a consideration of the following set of 
two simultaneous equations with two unknowns. A 
two-equation system was chosen for this presentation 
for simplicity although the expansion may be carried 
out for a system containing more than two unknowns 
with similar conclusions. 


, 
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FIGURE 1 
Electrical Diagram of Extension Computer 


Beginning with x and carrying out a number of 
successive approximations to y in the system; 
Aix ate Buy = K; 














n Asx T Bay = K, (2) 
the mth approximation of 
_ Ky * A:Ki A:BiK2 _ A?B:iK, A.’B,’?K; 
I Bs BoA A,B? AB; Ay’B;? 
A;*B,K, A2*B,*K; A2*B,*K, As™*B,”™ *Ks 
va A:*B:? A;*B;* Ai‘B:* se A,™"B,™ 
AM B=:3 K 
mor &, : 


As a test for convergence in the foregoing series 
let us consider the ratio of the last term of the series 
to the next to the last term: 


A: Ki 
AiK; 





or substituting equivalent values for K, and K,: 


AzAux + A:Biy 

AzAxx + A;By 
If this ratio is less than one or if A,B, < A,B,, the 
series converges. In the general set of Equations (1): 
if A, > B,, A, > C,...and B,; > A,, B, > C,..:. and 
C, > A;, C, > B, ... the series of successive approxi- 
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mations converge rapidly’so that the method yields a 
sufficiently accurate solution to the simultaneous 
equations in a few computation cycles. In infrared 
spectroscopy this means that if wave lengths can be 
chosen at which only one component causes chief 
absorption, then the above method of calculation may 
be used to advantage. 

It is found in practice that the order in which the 
Equations (1) are placed influences to a large extent 
the number of successive approximations required to 
obtain correct answers. While an attempt is. made to 
select a wave length for each component at which 
only that component causes chief absorption, it is not 
always possible to do this. Consideration of Equa- 
tions (2) in the following form will illustrate how 
the order of calculation changes the number of suc- 
cessive approximations required to obtain a satis- 
factory solution. 





eee = 
a at? Sheet 
As Ks 
BX +y= 3B, (3) 


In this set of equations ifsty is very small com- 
1 


pared with K,/A, then the first approximation of x 
is very nearly correct as also is the first approxima- 
tion of y. If 


Buy A2x 
Aix Boy 








a correct solution to the equations may be found with 
fewer successive approximations when x’ is found 
first than when y’ is found first. Since the variables 
appear in the above condition, it is necessary to have 
a rough knowledge of sample composition in order 
to make the best-.selection of calculating order. 


Electrical Computing Machines 


All of the mathematical operations of this computa- 
tion method may be carried out by the proper addi- 
tion and subtraction of electrical potentials. We use 
two machines for this; one to convert spectrophotom- 
eter readings to extinctions, necessary only in ab- 
sorption spectroscopy, and the other to solve the 
resulting simultaneous equations. The first of these, 
the wiring diagram of which is shown in Figure 1, is 
used to take the logarithm of the ratio I,/I and divide 
this by a cosntant. This converts I, and I readings 
from the spectrophotometer into K,/A,, K,/B,, etc., 
of Equations (3). To do this, two linear voltage di- 
viders with logarithmic scales are arranged so that the 
potential of one is subtracted from the potential of the 
other. (Logarithmic voltage dividers with linear 
scales could also be used.) Referring to Figure 1 the 
potential between points 1 and 3 is proportional to 
log I,/I. ; 

To set the computer for a given value of A, it is 
necessary only to set potentiometers I, and I at 
typical values, then set potentiometer 


Ki _ log To — log I 
Ay ear Ai 


and adjust potentiometer A, until the galvanometer 
reads zero. The functional details of this circuit can 
be followed by a straight forward application of 
Kirchhoff’s laws. 

Figure 2 is a wiring diagram of the electrical com- 
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FIGURE 2 


Electrica! diagram of com- 

puter for four linear simul- 

taneous equations with four 
unknowns. 





puting instrument for solving simultaneous equa- 
tions. A four-component system was chosen for pur- 
pose of illustration although the instrument. was 
actually built for seven components. In the follow- 
ing set of equations all variables and coefficients are 
real. 








Bix Cy Dz a 
ths ie ish “Bais "tieed * 
A2w K; 





Gp 
BT grt gH 


[ie Seo see 
ENTE tr tT Est-F 


Ag Bs C, K, 
D8 TH, PH P= Dp, 


The A’s, B’s, C’s and D’s of these equations are 
Proportional to the extinction coefficients of w, x, y 
and z respectively, at wave lengths L,, L,, L, and L,. 
K,, K,, K, and K, represent total extinctions of the 
Sample at wave lengths L,, L,, L, and L,, respec- 


tively. Negative quantities may be handled by the 


use of reversing switches on the cells of Figure 2. 
Expansion of the computer for use with a: greater 





—— 












rt 





~~ --- Potentiometers mechanically ganged, — 


K,, Kg: A, Ag’ By w,x,y,z=Equotion factors 


number of components is straight-forward, For ex- 
ample to convert the computer of Figure 2 to one for 
5 components, each vertical row of Figure 2 would 
be expanded to contain 5 battery circuits (in addi- 
tion to the K circuits) and there would be 5 vertical 
rows instead of 4. Referring to Figure 2, it will be 
noticed that each vertical row contains 5 cells; the 
polarity of these cells is dependent upon whether 
positive or negative terms appear in the equation. 
Figure 2 is arranged for all positive terms so the 
polarity of the potentiometers representing total ex- 
tinction is the reverse of the polarity of all the other 
potentiometers. Each cell is connected across a com- 
bination of two potentiometers, each of which is set 
to a value proportional to its counterpart in the equa- 
tions. Of each pair of potentiometers the one closest 
to the cell should be low in resistance compared to 
the other one for the system to perform exactly ac- 
cording to the theory of the computational method 
but in the present instrument all the potentiometers 
are alike and no problems have been encountered 
which would not converge to a solution on the com- 
puter. This makes it possible to order a large number 
of one kind of potentiometer and select the best ones 
for critical parts of the circuits: : ee ; 

When the total: potential from all of the cells of 
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T. D. Morgan, one of the authors, operating a seven component computer. At left is a four component, “breadboard” model. 


one circuit is zero, indicated by zero galvanometer 
deflection, the equation represented by the circuit is 
balanced. When all circuits are in balance, all equa- 
tions are balanced and the solution may be read off 
of the dials. 


Details of Setting Coefficient Potentiometers 

Calibration of the computer of Figure 2 is done by 
setting the dials on the “A,” “B,” “C” and “D” 
potentiometers according to the spectrometer cali- 
bration data. This may be done by assuming in 
Equations (4) that all the variables except w are 
zero and hence that w equals 100 percent. The right 
hand member of each equation is then known and 
these values are set up on the respective dials of the 
“K” potentiometers in Figure 2. Each circuit is then 
balanced by adjusting the dials on the “A” potentio- 
meters. It is next assumed that x is 100 percent and 
the “B” potentiometers set, then y and z are each 
assumed to be 100 percent while the “C” and “D” 
potentiometers are set. 


Operation of Computer 
To use the computer on infrared spectroscopic 
data, I, and I are first reduced to extinctions and 
divided by the extinction coefficients of principal 
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absorbers on.the computer as outlined above. These 
values are then equivalent to the right-hand members 
of Equations (4) and are set on the respective dials 
of the “K” potentiometers of Figure 2. In Figure 2, 
switch S, is closed and galvanometer G is zeroed by 
adjusting the dial of the “w” potentiometers. Then 
S, is opened and S, is closed and the galvanometer 
is zeroed by adjusting x. Circuits 3 and 4 are balanced 
in a similar manner by adjusting y and z respectively. 
Returning to circuit 1 it will be found that the 
galvanometer no longer reads zero when §, is closed, 
sO w is again adjusted to balance the circuit. These 
zeroing manipulations are repeated until the gal- 
vanometer reads zero without turning a dial as each 
switch is separately closed. When this condition has 
been reached the solution to the set of simultaneous 
equations may be read directly from the dials w, x, 
y and z. Each cycle of these manipulations amounts 
to obtaining an approximation in‘ the computational 
method above. Seven circuits can be balanced if 
about one minute and three cycles are usually suffi- 
cient to arrive at the answer. 

The computation method shown here has been in 
use for nearly a year. Recently the electrical comput-' 
ing machines were given field tests at the plant and 
have already saved much time in making analyses. 
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REGEN RS 


= Santa Maria Valley oil field was discovered 
by Union Oil Company of California in 1934. The oil 
from this field is about 15° API gravity, and has a 
high sulphur content. During the first three years of 
the life of the field there was practically no demand 
for oil of this character and production was at a 
minimum. However, with the coming of World War 
II the demand increased so that now there is urgent 
demand for the maximum of oil production. Conser- 
vation and proper utilization of the gas associated 
with the increased oil production has consequently 
required installation of gas-treating and handling 
facilities. 


In 1937, gas equipment was installed to compress 
5 million cubic feet per day of wet gas from 20 
pound gauge to 150 pounds, and to remove the hy- 
drogen sulfide by means of an iron- oxide bed and 
then to transport the gas to Union Oil Company’s 
Orcutt absorption plant to recover the gasoline con- 
tent and to deliver the surplus dry gas into Southern 
Counties Gas Company lines. This operation was 
satisfactory for several years, but by the early part 
of 1942 production had increased until it was ap- 
parent that a complete absorption plant was needed 


"in Santa Maria Valley. At this time very little new 


material was available for constructing an absorption 
plant, and it was necessary to comb the country for 
idle used equipment. Nearly all major units were ob- 
tained from idle equipment which had previously 
been in service many years. All of this equipment 
was thoroughly reconditioned in Union Oil Company 
salvage shops at Santa Fe Springs. In some cases, 
15-year-old “bare-rod” welding on pressure vessels 





Engineering and Construction 
Of the Santa Maria Valley 
Absorption Plant 


D. E. McFADDIN 
Union Oil Company of California 





Fics description of the absorption pliant in the Santa 
Maria Valiey was given at the July, 1944 meeting of 
the California Natural Gasoline Associaticn. 


The equipment was assembled from several sources, 
most of them having had previous service. The complete 
paper included a tabulation of the source and condition 
of the principal units, now operating at Santa Maria. 











was found to have a tensile strength insufficient to 
meet the desired working pressure. This bare-rod 
welding was chipped out and the vessels rewelded 
according to modern standards. Pumps, safety valves 
and instruments were also a very difficult problem 
and many items of this class were rebuilt in Union 
Oil Company shops from equipment which had long 
been discarded. Engineering and process and con- 
struction of a plant with such a limited availability of 
equipment presented many unusual problems. Never- 
theless, necessary priorities were obtained and con- 
struction was started on April 15, 1943, and the plant 
was completed and put into operation December 30 
of the same year. 


Small Plant 


Santa Maria Valley absorption plant was designed 
to process a maximum of 18 million cubic feet per 
day with an absorption-oil circulation of 16,000 gal- 
lons per hour and an absorber pressure of 190 pounds 
gauge; extracting 80 percent of the iso-butane con- 
tent, 97.5 percent of the normal butane and 99.2 per- 
cent of the pentanes and heavier content of the gas. 


























TABLE 1 
Overall Plant Commodity Balance, Santa Maria Valley Absorption Plant 
EXTRACTED PRODUCTS . 
18,000,000 CF/DAY INTAKE GAS —— 17,280,000 CF/DAY DISCHARGE GAS 
29# Reid | Iso-Butane Total Liquid 
Gas Vol. aso. Side Cut Liquids Extraction Gas Vol. 

COMPONENT Percent Gal./Mcf Gal./Day Gal./Day Gal./Day Gal./Day Percent Percent Gal./Mcf Gal./Day 
Hydrogen GulBide : . 3. <6... sisisjeaniei ies dies v's MarFWOC. Bh ooo c esti ds vv ngs s Secs [oe venwadage Gh comes aol hb pade ee eth Beene S.-i tasticns Tetemenie 
Ne a SES aes eee pe WM 2 vec caeves V kcdoasen MO oncbteis 2 kop ek sae at neeeasahey ee aos ae. Wives tass 1 eee 
able. itneekcyet ate ee es) hich hd A ec ety ae 
bon TNE. ..'s cs dsc coayengeseeen = "Beet PERE nies Meer Savery: Rm anmiue ae apie meen) Ne Si OOO. de ie teehee ote 
ORR i 5 ib uwosobes th saadebeether ss TO Beans case sswacnhs ose oes 10 ERE: See | Me Bins he eee aes 

MONG sua! gang vided oun naok caven eee sen OO: BSc aaa season oe haes 25 eS TE no astuod he ee BS etee ge a 
EE oes tok ee pe ey 50 eee we a OA hee a te V's aes a Me Ga ae 1,120 SOR By Wdatiaene RAD: : 4 ics oii sh ede 
Dut se. eS nee abe a bk 0.51 0.167 3,006 240 2,166 2,406 80 0.11 0.035 600 
een DGNGONE, Gi) 5k 5 bode vec daee ane sstioeves 1,22 0.383 6,894 6,200 524 6,724 97.5 0.03 0.01 170 
Pentane and Heavier...........---.-+---++ 1.28 0.500 9,000 Sie ees. 8,930 99.2 0.01 0.004 70 

HX” RESP Pete URAC E eT O RUE 100.00 15,370 3,845 19,215 100.00 
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TABLE 2 
Recycled Vapors, Santa Maria Valley Absorption Plant 
Rich Oil Raw Gasoline 
Fractionator | Accumulator 
Vapors Vapors 
Analysis Mol Percent | Mol Percent 
"SES Ran reer aie as 0.50 0.50 
sg EE iy. See Mk Oe 12.60 5.80 
RT RS hee Os Na, . . a. cis MGs Loe wacom 49.64 17.50 
Ns Mee ks a gael sas chic e + Hes ov eucds 12.64 11.23 
(Sig SS EO A A Ie Sa: ER as 20.72 36.13 
A Sree Soigai ls 0a kao se care, pAe0p or bik 1.40 9.38 
DIN oak oe daw we Ge aeiee cre: a Peiat 1.93 15.75 
Pentanes and Heavier................--.--.0-0.00: 0.57 3.71 
100.00 100.00 
ose at win ude eae abla Gal./Mef. Gal./Mcf. 
Ns. Sod a ra ek Kain d «kde vo d'e cleat mee 0.4 3.055 
Nor Butane...... Seed RC ted aes vc aeds oa wet 0.607 4.954 
Pentanes and Heavier... ..:............cccuesecees 0.207 1.349 
es Se a wcie pease ben's 610 280 
rc maweecn ie Gal./Day Gal./Day 
SN en, oasis cic odo 0s Be VE RORY Tatar URE 278 855 
I ss bs 6s osc ae-o Bate Wars aa sah eet 370 1390 
Pentanes and Heavier... ... i cig aie ete awa 126 378 














Table 1 gives the over-all plant commodity balance. 
Gas from the field reaches the plant at approximately 
23 pounds gauge; and is compressed to 210 pounds 
in two stages. At the interstage pressure of about 
%5 pounds the gas is countercurrently contacted with 
4 percent soda ash solution to remove the major 
portion of the hydrogen sulfide. The remainder of the 
hydrogen sulfide is removed by iron-oxide beds after 
the gas has been compressed to 210 pounds. The iso- 
butane and heavier fractions of the gas are then ex- 
tracted from the gas by absorption oil circulated 
through absorbers operating at about 190 pounds. 
The water-vapor content of the absorption-plant-dis- 
charge gas is then removed in a Southern Counties 
Gas Company gas dehydration plant, employing di- 
ethylene glycol, in order to prevent subsequent con- 
densation and corrosion in the fuel system. A large 
portion of the plant-discharge gas is used in the'Santa 
Maria Valley area for domestic and industrial pur- 
poses. The remainder is transported to Orcutt com- 
pression plant where it is compressed to 400 pounds 
and delivered to Southern Counties Gas Company’s 
main lines running to Santa Barbara. 


Simple Plant Cycle 


The flow chart, Figure 1, shows that the absorp- 
tion plant cycle is quite simple. There are two ab- 
sorbers. Each is 46 inches I.D. and 24 feet high and 
contains 15 perforated trays. Absorption oil is metered 
to the top of each absorber and flows from tray to 
tray downward, countercurrently against the rising 
gas. Liquid-level controllers automatically hold a 
constant oil level in the bottom section of each ab- 
sorber. The main stream of enriched oil from the 
bottoms of the absorbers flows through interchangers 
where it is heated to approximately 290° F. It then 
flows into a rich-oil fractionator at 100 pounds pres- 
sure. This unit separates the major portion of the 
methane and ethane from the absorption oil and 
other absorbed fractions. Gasoline content of the gas 
from the field is unusually low. This fact has a direct 
bearing on the condensation and separation of the 
gasoline and iso-butane and propane from the lighter 
absorbed fractions. When theoretical computations 
were made to determine the proper process cycled it 
was found that either a high pressure (100-pound) 
still, a rich-oil fractionator or some other facility 
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was required to eliminate the major portion of the 
methane and-ethane from the cycle before the main 
(40-pound) raw gasoline condenser was reached. 
Otherwise these light fractions would prevent satis- 
factory condensation of the other fractions, especially 
of propane and the butanes. The use of a 32-inch I.D. 
rich-oil fractionator was found to be the best suited. 
The rich oil and vapor from the interchangers at 290° 
F. enters the bottom section of the column where 
the liquid is separated from the vapor. The liquid 
flows out the bottom of the preheaters while the vapor 
rises through fractionating trays countercurrently 
against a-stream of cold rich-oil which flows direct 
from the 190-pound absorbers to the top of the rich- 
oil fractionator. Table 2 gives the analyses and rates 
of the rich-oil fractionator vapor and the raw-gaso- 
line-accumulator vapor, From these analyses it is 
computed that 86 percent of the methane and 71 per- 
cent of the ethane are removed by the rich-oil frac- 
tionator. The vapor fromthe top of the rich-oil frac- 
tionator is commingled with the interstage untreated 
gas at 70 pounds pressure and is compressed and re- 
cycled through the absorbers. A heater, condenser, 
accumulator and pumps are not required for this unit 
and its operation is simple. At some future date it can 
be readily converted to a pressure still in order to 
produce propane liquid, by instaliing a 100-pound 
condenser and accumulator, in witich case a small 
portion of the raw gasoline production ‘rom the low- 
pressure stripping still would be used as reflux for 
the high-pressure still, and the remainder of the raw 
gasoline from the low-pressure stripping still would 
be circulated through the 100-pound pressure con- 
denser to serve as an absorbing medium for propane. 
The stabilizer would then be fed from the 100-pound 
aceumulator. 


Fractionating-Stripping 

The rich oil from the bottom of the rich-oil frac- 
tionator flows through steamheated preheaters into 
the main stripping and fractionating still where the 
raw gasoline fractions are removed from the absorp- 
tion oil. The fractionating-stripping still is 60 inches 
in diameter and 55 feet high. It has 19 perforated 
trays, 13 of which are above the feed inlet. A water 
draw-off tray is located immediately below the 
seventh tray from the top, leaving 6 trays between 
the feed inlet and the water draw-off tray. The still 
also has built-in oil reheaters located below the feed 
inlet. One is located between the second and third 
tray from the bottom and another is located below 
the bottom tray. It was realized that the heaters in 
this still are not ideally located, the optimum loca- 
tion being about two trays down from the feed. How- 
ever, the cost of changing the location of the heaters 
would have been prohibitive and it was therefore 
decided to use the still as designed. Exhaust steam 
at 50 pound gauge from the lean-oil pumps is metered 
into the bottom section of still and rises through the 
perforations of ‘the trays in order to strip all of the 
raw gasoline fractions from the oil. The still operates 
at 45 pound gauge with a bottom temperature of 
350° F. and a top temperature of 170° F. The top 
temperature is maintained automatically by a tem- 
perature controller which regulates the amount of 
raw or stable gasoline used as reflux to the top of 
the still. The bottom section of the still provides 
surge capacity for the system and the level at this 
point varies according to the amount of oil in the 
system, 
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The hot lean oil from the bottom of the fraction- 
ating-stripping still flows through the shell side of 
the interchangers to the lean-oil pumps which raise 
the pressure to 250 pounds so that it will flow through 
the lean-oil coolers and into the absorbers, thereby 
completing the oil cycle. 

The raw gasoline production together with the 
still reflux leave the top of the still in vapor and 
are then condensed in cooling unjts in the cooling 
tower and finally are accumulated as a liquid in the 
raw-gasoline surge tank at 40 pounds, gauge, and 
about 65° F. The raw gasoline production is then 
pumped into the stabilizer at 200 pounds where the 
normal butane and heavier fractions are separated 
from the remainder of the raw gasoline by fractiona- 
tion and are produced as stabilized gasoline from the 
bottom of the column. This product’ at Santa Maria 
has a Reid vapor pressure of about 30 pounds at 
100° F. The iso-butane content of the raw gasoline 
is required by alkylation plants in the refineries for 
production of aviation gasoline. It is therefore pro- 
duced as a liquid along with some normal butane and 
propane as a side cut from the column. This side-cut 
liquid is withdrawn from about the sixth tray from 
the top of the column. It is impossible to produce a 
pure is-obutane in this manner because a side-cut 
must contain at least a limited amount of all the 
lighter fractions which appear overhead. However, a 
satisfactory concentration of the desired product can 
often be obtained in this manner. 


Removal of Hydrogen Sulfide 


Removal of hydrogen sulfide from Santa Maria 
gas constitutes a major problem. Hydrogen sulfide 
can be removed by means of iron-oxide beds which 
convert hydrogen sulfide to ferric sulfide; then 
oxygen, which must be present in the gas for this 
process to function, converts the ferric sulfide back 
to iron oxide and deposits free sulfide in the bed. In 
actual practice the iron-oxide bed cdnsists of wood 
shavings impregnated with ferric oxide, thus leaving 
a large proportion of the bed volume void to receive 
the deposited sulfur. The equations for this process 
are as follows: 

FeO: + 3H:S —> Fe.S; + 3H:0 (1) 
2FeSs + 30: — 2Fe.Os ++ 6S (2) 

If the humidity and temperature of the gas are 
properly controlled the reactions indicated by equa- 
tions (1) and (2) will continue simultaneously until 
the amount of deposited sulfur is great enough to 
prevent the hydrogen sulfide in the gas from contact- 
ing the ferric oxide. Past experience indicated that a 
bed will continue to function until about 20 to 25 
pounds of sulfur have been deposited per cubic foot 
of total bed volume. The bed then must be cleaned 
out and recharged. This process is expensive in cases 
in which the hydrogen-sulfide content of the gas is 
high. 

Soda-Ash Process 

The soda-ash process is commonly used where the 

amount of hydrogen sul- 


ence of CO, in the gas as is indicated by the following 
equations : 


‘Soda Hydrogen Sodium Sodium (3) 
_Ash Sulfide Hydrosulfide - Bicarbonate 

NaCO; + #£424:S > NaHS + NaHCo, 
Soda Carbon Sodium (4) 
Ash Dioxide Water Bicarbonate 


These reactions are reversible and according to the 
law of mass action a high carbon-dioxide content of 
the gas causes a high sodium-bicarbonate concentra- 
tion as indicated by equation (4), moving from left 
to right. The high sodium-bicarbonate concentration 
resulting from equation (4) shifts the reaction equili- 
brium of equation (3) from right to left, thereby re- 
ducing the removal of the hydrogen sulfide from the 
gas. 

The soda-ash units at Santa Maria were found to 
perform according to this theory. The 8 percent 
carbon-dioxide content of the Santa Maria gas con- 
verts about 99 percent of the 4 percent soda-ash solu- 
tion to bicarbonate. Nevertheless with this mixture 
about 70 percent of the hydrogen sulfide is removed 
from the gas. 

The soda-ash process provided at Santa Maria con- 
sists of pumping a 4 percent soda-ash solution to the 
top of two parallel 81-inch diameter contactors or 
absorbers, each containing six perforated trays. The 
contactors operate on the cooled compressor inter- 
stage gas at about 70 pounds gauge, and a solution- 
to-gas ratio of about 35 gallons per thousand cubic 
feet is employed. The solution from the bottom of 
the contactors flows through liquid level controllers 
to an areator where equation (3) is reversed by spray- 
ing the solution into a rising current of air, so as to 
remove the hydrogen sulfide from the field of action 
and discharge it from the top of the areator. A con- 
ventional forced-draft cooling tower with a 50-foot 
discharge stack is employed as the areator and suffi- 
cient air is blown through the areator to dilute the 
hydrogen sulfide to below the toxic danger limit. 
Equation (4) theoretically also is reversible in the 
areator. Practically, however, the reaction rate of 
equation (4) from right to left is very slow. Con- 
sequently the percentage conversion of carbonate to 
bicarbonate is predominately a function of the equili- 
brium conditions in the contactors, and very little 
carbon dioxide is removed from the gas after the 
process has been in operation a short time. 

There are certain features of the processes and the 
construction of the Santa Maria Valley absorption 
plant which are different from an ideal plant which 
would be constructed if the required materials and 
equipment are available. For example, direct-fired 
heat of the absorption oil is superior to steam heat. 

Also, absorbers with 20 or 





fide to be removed is 
great. However, the soda- 


Specifications of Oil for Laboratory Vacuum Pumps 


more trays instead of 15 
trays are advantageous. 





ash process usually will 
not remove all of the hy- 
drogen sulfide and must 


therefore be followed by UR eer, iicict dca» 


an iron-oxide bed. The 
soda-ash process is greatly 


However, in spite of these 
ee limitations, the plant was 
oe successfully constructed 
35 (in 6-inch cell) and put into operation un- 
0.015 mm @ 150° F. der adverse conditions and 
is adding its share of pro- 
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Application of Unit Operations 


To Fractionation and Other 
Vaporization Processes 


* PART 8 


Pressure Temperature Composition 
Relationships of Binary Mixtures 


R. L. HUNTINGTON, School of Chemical Engineering, University of Oklahoma 


A SOUND understanding of the principles under- 
lying the behavior of various binary mixtures is es- 
sential for the engineer who expects to become pro- 
ficient in the design of fractionation and distillation 
equipment. In the several previous papers of this 
series some of the elementary laws have been ex- 
plained, as well as specific examples showing the 
application of these laws to field and plant practice. 

In general, there are three types of binary mix- 
tures to be considered, (1) mixtures in which the two 
components are miscible in all proportions, (2) mix- 
tures in which the two components are totally im- 
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Graph showing relationship of partial pressures to mol fractions 
for normal butane-normal pentane mixtures. 
Temperature—100° F. 
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miscible, i.e. there is substantially no tendency for 
the one to mix or form a solution with the other, (3) 
mixtures which are miscible within certain ranges of 
composition but outside of these ranges form two 
phases, each phase being a definite mixture of the 
two components. 


Miscible Mixtures 


Pressure Composition Diagram—When two com- 
ponents are miscible in all proportions in the liquid 
phase, there is a tendency for the one having a higher 
vaper pressure to speed up the other which has a 
lower vapor pressure, and vice versa. Such a be- 
havior might be compared to a team of horses, where 
a spirited horse might have a tendency to speed up 
the slower-moving member of the team. And like- 
wise the slower member would tend to reduce the 
speed of the faster horse. When two liquid com- 
ponents behave in such a manner as described above, 
it is said that they perform according to Raoult’s 
law. 

Figure 1 is presented in order to picture this per- 
formance in terms of the partial pressures exerted 
by each compound in the liquid state. Referring to 
this diagram, it is seen that the partial pressure of 
butane varies from zero when all of the liquid con- 
sists of pentane, while its partial pressure is 53 
pounds per.square inch at 100° F. when all the 


‘liquid is normal butane. The partial pressure of the 


butane in intermediate mixtures is shown by line 
AD. Likewise, the line BC shows the partial pres- 
sures of the pentane between zero percentage up to 
100: mol-percent pentane. The sum of the partial 
pressures is shown by line CD. In other words, a 
50-50 mixture of the two components will exert a 
total vapor pressure half way between C and D, or 
158 which is equal to 34.5 pounds per square 


inch absolute. It is well to remember that this chart 
is based on one temperature which in this case is 
100° F. 

Another way of presenting the pressure-composi- 
tion relationship is shown in Figure 2 in which the 
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three regions, gaseous, vapor-liquid, and liquid zones 
are shown. The line CED represents the boundary 
between liquid and the liquid-vapor zones. Or in 
other words, points along this line are called bubble 
points. The dotted line CFD is the boundary be- 
tween the gaseous and the vapor-liquid regions. This 
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Pressure composition diagram showing liquid gases and vapor liquid 
regions for normal bytane-normal pentane mixtures at 100° F. 


PRESSURE — PSI ABS. 





iz 
P\o 





Nw 
7) 

















100 


line is known as the dew-point curve. If the pres- 
sure on a liquid at point R is lowered to location E, 
vaporization will occur, the first bubble of vapor 
being that of composition F horizontally opposite 
point E. If the pressure on the liquid is lowered still 
further, vaporization will continue to occur until all 
of the liquid is brought to point C, where total 
vaporization will have taken place. At the interven- 
ing points between E and C, the vapor composition 
in equilibrium with the liquid will fall on line FC 
at corresponding horizontal positions. 


In the same way, if vapor at S is raised in pres- 
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Temperature composition diagram for normal butane-normal pentane 
mixtures at 100 pounds per square inch absolute. 
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sure to location F condensation will begin to take 
place, the first drop of liquid being of Composition 
E. With further increase in pressure, the vapor will 
continue to condense, giving off liquid at points on 
line ED directly opposite the horizontal points on 
line FD. 

Temperature-Composition Diagram—The relationship 
between the temperature and composition is shown 
in Figure 3 for a binary mixture of two miscible com- 
pounds. The envelope CD represents the enclosure 
of the liquid-vapor region while the area above is 
the gaseous region, and the area below, the region 
in which nothing but liquid can exist. This particular 
diagram has been, made up for butane-pentane mix- 
tures, all at 100 pounds per square inch, absolute. 
The point C indicates that a temperature of 220° F. 
is necessary for normal pentane to exert 100 pounds 
per square inch, v “ile normal butane will exert the 
same pressure at 144° F. The line CED illustrates 
the bubble points of various mixtures between the 
two extremes of 100 percent pentane and 100 percent 
butane. The dotted line CFD shows the dew points 
for the same range of mixtures. If we take a mixture 
consisting of 71.2 percent butane as indicated by 
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Partial pressure diagram for system of water and normal pentane. 


point S, and cool this mixture at a constant pressure 
of 100 pounds from a temperature of 200° F., con- 
densation will start at the point F at a temperature 
of 175° F. The liquid which will first condense out 
of this mixture will not be pure butane, however, it 
will be richer in pentane than the original vapor. In 
this case the composition of the liquid will be repre- 
sented by the point E on the bubble point line hori- 
zontally opposite point F. This composition happens 
to be 48.5 percent butane. If cooling is continued, 
the vapor composition will fall down the dotted dew 
point line to D. Condensation of liquid richer in pen- 
tane is shown by points horizontally opposite the 
dew point on the bubble-point curve. In a similar 
manner, a liquid at point R at a temperature of 150° 
F. when heated to a higher temperature, will begin 
to vaporize at point E at a temperature of 175° F. 
The composition of the liquid and also the vapor 
at points E and F was determined by setting the 
temperature at 175° F. (Pressure already set at 100 
pounds.) From the phase rule, the system is fixed. 
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Applying Raoult’s law: 


wy = px 
Cy 100y.= 150 x, yetys=—1 i 
C;100ys= 53xs 
X1= 48.5 


Immiscible Liquids 


1. Normal Pentane-Water System—Although the hy- 
drocarbons and water are slightly soluble in each 
other, they are generally considered to be immiscible 
from a practical standpoint. In such cases each 
liquid component can exert its full vapor pressure 
independent of the other. In Figure 4 a pressure-mol 
composition diagram is shown for a system con- 
taining mixtures of normal pentane and water at a 
temperature of 100° F. The partial pressure of water 
is represented by line AB (0.95 pound per square 
inch absolute) and that of normal pentane by CD 
(16 pounds per square inch absolute). The total 
pressure line is EF (16.95 pounds pressure). From 
this diagram it is easily seen that the total vapor 
pressure is the sum of the two vapor pressures, 
pg ardless of the percentage of each constituent 
present ‘in the liquid phase. The equilibrium vapor 
above any liquid mixture of normal pentane and 
water at 100° F. would be 


16 
16.95 ~X< 100 = 94.3 mol percent normal pentane 


and 


95 
76.95 < 100 = 5.70 mol percent water vapor 


2. Maximum and Minimum Boiling Point Mixtures— 
There are certain aqueous solutions which possess 
the peculiar property of boiling at a constant tem- 
perature and pressure, provided a definite percentage 
of each component is present. No doubt some hy- 
drate or loose physico-chemical union is formed be- 
tween the water and the solute. 


Water and hydrochloric acid are miscible in all 
proportions, however, they do not behave like a mix- 
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Temperature-Composition Diagram for a binary system having a 
maximum constant boiling point. 
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Temperature-Composition Diagram for a binary system having a 
minimum constant boiling point. 


ture of hydrocarbons, in that a maximum boiling 
point is reached whenever a definite percentage of 
water is present in the solution. Figure 5 is a repre- 
sentative graph of the temperature-composition rela- 
tionship for a binary system possessing such a 
maximum boiling point. For example, the bubble 
point curve ADC includes liquid compositions which 
give off vapor having corresponding horizontal posi- 
tions on the dew point curve AEC. Likewise liquids 
at their bubble points along CFB would produce 
vapors having compositions on CGB. With rising 
temperature any liquid mixture would tend to ap- 
proach the point C where the liquid and the vapor 
would be of the same composition. 

Ethanol and water which are miscible in all pro- 
portions form a minimum boiling point as shown in 
Figure 6. The bubble-point curve is designated by 
CFDGE, while the dew-point curves follow the 
dotted line CHDJE. 


3. Binary Systems of Partial M ‘scthiliey,-Siece are a 
number of binary systems in which the two com- 
ponents are miscible in each other over certain nar- 
row ranges of composition. Outside of these two 
ranges the two components form two phases, each 
phase containing a certain percentage of one con- 
stituent dissolved in the other. For example:the sys- 
tem (aniline and water) behaves according to this 
rule. A pressure-composition diagram of this system 
‘is shown in Figure 7 at a temperature of 99° C. At 
this temperature water saturated with aniline con- 
tains 1.42 mol-percent aniline, while aniline satu- 
rated with water contains 31.6 mol-percent water and 
68.4 percent aniline. Any mixture containing aniline 
between 1.42 mol-percent and 68.4 mol-percent will 
form two liquid phases, one, the water phase satu- 
rated with aniline, and the other, the aniline phase 
saturated with water. 

From the diagram, it is readily seen that Raoult’s 
law is the governing factor in the behavior of aniline 
in the aniline phase, and for water in the water 
phase. When either constituent is present in a phase 
in small percentage, such as aniline in the water 
phase and water in the aniline phase, it is to be ob- 
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FIGURE 7 
Pressure composition diagram for aniline water system at 99° C. 


served by lines AE and JD that the aniline and 
water behave respectively according to Henry’s law 
where Y is equal to KX (Y and X are the mol frac- 
tions in the vapor and liquid respectively), K being 
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Temperature-Composition Diagram for a binary system of 
partial miscibility. 
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determined experimentally. In these two particular 
cases, the constituent when present in small per- 
centage, exerts a much higher relative volatility 
than it does when present in large percentage.. For 
example, at point E on the partial pressure line for 
aniline, the relative volatility of aniline compared 
with that of water is 2.87. While at F where the 
partial pressure of aniline is the same, the relative 
volatility of aniline to water is only .019. 


In order to gain a better understanding of this 
diagram it might be well to calculate the composi- 
tion of the vapor coming from the following liquid 
mixtures : 


(1) A liquid mixture containing 1 mol-percent aniline. 
(2) A liquid mixture containing 85 mol-percent aniline. 
(3) A liquid mixture containing 50 mol-percent aniline. 
(4) A liquid mixture containing 20 mol-percent aniline. 


Solutions: 


1 
(1) Partial Pressure of aniline =T42 X 30 = 21.2 m.m. 


(See Line AE) 
(2) Total Pressure = 745 m.m. (Line HK) 
21.2/745 = .0284 & 100 = 2.84 percent aniline in yapor 


(3) Partial Pressure of aniline = 37.3 m.m. 
Total Pressure = 380 m.m...¢Line LG) 
37.3/380 K 100 = 9.83 percent aniline in vapor 
(4) Partial Pressure of aniline = 30 m.m. 
Total Pressure ="750 m.m. (Line KL) 
30/750 & 100 = 4.0 percent aniline in vapor 


(5) Same as part (4). 
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Temperature-Composition Diagram for a Binary. 
System of Partial Miscibility 

The relationship of vapor to liquid composition for 
different temperatures all at a constant pressure is 
shown in Figure 8. It is interesting to observe that 
any liquid between points D and F will give off 
vapor of composition E. Liquids along the bubble 
point line CD will give off vapors along CE at 
horizontal positions on the respective curves, and 
likewise liquids along FG will evolve equilibrium 


vapor leaner in the same component along the line 
EG. 

In the next of this series, a discussion will be given 
of some of the simpler methods used in determining 
the number of theoretical trays required for the 
separation of binary. mixtures of hydrocarbons. 
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Lease Booster Plant Collects 
Tank Vapors 


aes a cooperative program between oil 
producers and gasoline-plant ownership, the Del 
Valle field in California has been provided with a 
series Of small booster stations which remove all 
light vapors from lease storage. Each battery is pro- 
vided with a self-contained gas-engine-compressor 
unit, which is semi-automatic in operation, 

Each unit is built on a skid base. Each consists of 
a four-cylinder, water-cooled gas engine, which 
through V _ belts drives a:double-acting single- 
cylinder compressor. Through a system of piping, 
pressure relief valves, vacuum breakers and suction- 
pressure regulators, vapors are removed as they come 
into the traps or as they are released from storage. 


These installations recover the light hydrocarbons, 
which otherwise would be lost through relief valves 





on lease storage batteries or through escape from 
other producing equipment. 

Water for cooling the units is piped to all leases 
and taps are provided at each booster with an ade- 
quate amount of cooling water, which is admitted to 
the cooling system periodically as the operators make 
infrequent visits to the installations. Water for en- 
gine cooling is contained in radiators that require 
addition only as evaporation takes place. A steel 
reservoir is installed above the machines, suspended 
by roof trusses, for thermo-syphon circulation 
through the jackets. These boxés have sufficient 
capacity for maintaining relatively low temperatures 
in the compressor, admitting hot water at one end 
and releasing cooled water at the opposite end. 
Travel throughout the length of the boxes is suffi- 
cient to reduce temperatures so that the jackets are 
never above efficient operating conditions. 


Cooling water for the compressor is circulated through the radiator attched to the roof of the shed which protects the field unit. The upright 
vessel outside the hcusing is a separator to prevent liquids from entering the compressor, 
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How to Organize 
And Conduct 





To demonstrate that viscous oil would froth when 


water was applied, residuum was allowed to burn in 
a 52-gallon drum, and extinguished with a 34-inch 
hose in 20 minutes. Frothing smothered the flame. 


A Refinery Fire School 


J. C. WATKINS 


\f ITH the refining industry straining every nerve 
and resource to produce the maximum amount of 
high-octane gasoline for the fighting forces, leaders 
in the industry are determined to combat every 
menace to the successful completion of that program. 

Fire remains one of the prime threats to the 
security of the nation’s oil output, and refining offi- 
cials are redoubling their efforts to achieve maximum 
control over this hazard. Many plants are participat- 
ing in the Petroleum Industry War Council’s pro- 
gram for sponsoring fire laboratories at which men 
in the fields of productfon, refining and shipping may 
improve their fire-fighting skill and knowledge. 

How to organize such a fire-fighting laboratory was 
interestingly demonstrated at Port Arthur recently. 
Sponsored by the Petroleum Industry War Council’s 
Committee on the Protection of Petroleum Facilities, 
Gulf Coast Region, of which Frank L. Wallace, The 
Texas Company’s Port Arthur works manager, is 
chairman, the fire school was conducted by the local 
oil companies with the cooperation of the United 
States Coast Guard Waterfront Protection Service. 

In attendance were 352 representatives of 33 or- 
ganizations, most of them from oil companies in the 
area from Corpus Christi, Texas, to Baton Rouge, 
Louisiana. 

The fire school was organized and directed by a 
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committee. including F. M. Leverett, power engineer, 
The Texas Company; H. H. Tadlock, fire chief, Gulf 
Oil Corporation; R. P. Davies, assistant general op- 
erations foreman, The Pure Oil Company; H. H. 
Harding, Magnolia Petroleum Company; L. W. 
Evans, personnel director, The Atlantic Refining 
Company, and Lt. L, B. Wilson, United States Coast 
Guard. 

It should be emphasized that to conduct a fire 
school successfully, it is necessary to have in charge 
a committee whose members have a thorough knowl- 
edge of the hazards involved in the oil industry as 
well as a thorough understanding of the uses for 
fire-fighting equipment. The following suggestions 
may be made as a result of the experience at the 
Port Arthur school. 

After selection of a committee, the next step is a 
suitable location. For the classroom session it 1s 
desirable to have a large room where motion pictures 
can be shown. For the field demonstrations an area 
sufficiently large to permit sizeable oil fires without 
endangering surrounding property is necessary. An 
adequate water supply should’be available. A supply 
of steam and electric power is desirable but not 
necessary. 

The committee in charge should arrange for the 
showing of suitable motion pictures together with a 
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Slop light oil with combustible material was burned in a pan 21 by 48 inches for.165 seconds, and was extinguished in 5 seconds with carbon dioxide 
and soda-acid extinguishers. Carbon dioxide was used to extinguish and soda-acid. to cool the combustible material to prevent flash back. 
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After burning 25 seconds, flame from gasoline flowing through a 42-inch line with 30 pounds pressure was controlled but not extinguished in 75 


the seconds, using two 11-inch low-velocity fog nozzles and one 24-inch high-pressure fog nozzle. Two low-velocity nozzles first used caused the burn- 


th a ng gasoline to spread, and when the high-velocity nozzle was brought into play the flame was controlled so that the valve could be closed. 
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few short talks. A number of good pictures are avail- 
able. One very good one has been prepared by 
Standard Oil Company of California entitled “Oil 
Fires, Their Prevention and Extinguishment.” An- 
other, entitled “Waterfront Protection,” was pre- 
pared by the United States Navy. There are others 
made up by various companies manufacturing flre 
equipment, the Fire Underwriters Laboratory, mov- 
‘ ing pictures of the Chicago Fire School, and the like. 

Speakers should be chosen to explain the operation 
of the types of fire-fighting equipment usually found 
around an oil refinery. 

Those to be invited to the school should be selected 
so as to include a good number of the operating per- 
sonnel who would actually be present at locations 
where fires may occur, and who would take part in 
combatting them, rather than confining the school 
to the supervisory staff who would not likely be on 
hand when fires begin. This is particularly desirable 
since it is estimated that 85 percent of all major con- 
flagrations could have been prevented if the proper 
use of ordinary first-aid type of equipment had been 
made in the early stages of the fire. 

One of the more important phases of the school 
is the field demonstrations. It is desirable to have 
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How to fight a fire in an oil tank is illustrated 
here as a 40-foot portable foam tower is 
hoisted into position against a sheet metal 
barricade 32 feet tall, built to represent the 
side of an oil tank. The foam tower can be 
hoisted into position in two minutes by eight 
men. Foam started through the tower from 
portable foam generator, comes out of the 
goose-neck and down the inner wall of the 
tank and spreads over the surface of the burn- 
ing oil, smothering the fire. The foam tower 
is always erected on the lee side of the tank. 
A workman is shown pouring oil into the pit 
at the bottom of the barricade. This will be 





ignited to simulate an oil-tank fire. 


bleacher seats erected to accommodate the number 
of spectators present. The prevailing wind direction 
should be taken into consideration so that smoke 
will not be blown into the stands. The various con- 
tainers in which the fuels will be ignited should be 
established a sufficient distance apart so that the 
flames will not leap from one vessel to another. 

To facilitate speedy transition from one demonstra- 
tion to another, the charges should be prepared in 
advance. The announcer should be equipped with 
loud-speaker equipment in. order to describe the 
demonstration to be undertaken, and as it is per- 
formed, can quickly report the timekeepers’ results 
and with a minimum of elapsed time can describe the 
next experiment on the program. Likewise the crew 
and supervisor can move quickly from one demon- 
stration to another. 

Incidentally, representatives of companies manu- 
facturing fire-fighting equipment were not permitted 
to demonstrate their products at the Port Arth** 
school, although some of them were present for the 
demonstrations, 

The committee should decide upon the type and 
nature of fires for use in the field demonstrations, 
together with the fire-fighting methods to be used. 
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Twenty-four-inch welded pipe and maximum pressure of 750 
pounds, as used in Tennessee Gas & Transmission Company's 
line from the Southwest to the East, is typical of the trend in 


Gas Transmission Practice 


LORING E. HECKMAN, 
Consultant, Natural Gas-Natural Gasoline Division, 
Petroleum Administration for War 


ven 83 percent of the known available natural gas re- 
serves in the United States are concentrated in an area in- 
cluding Louisiana and Texas and seven counties in Western 
Kansas and Oklahoma. Long pipe lines transport gas 
eetwced in this area to such distant centers as Denver, 

inneapolis, St. Paul, Kansas City, St. Louis, Chicago, 
Detroit, Memphis, Birmingham and Atlanta. The growth of 
natural-gas consumption in most of these centers is taxing 
the capacity of existing lines to the limit, with the result that 
further looping of these lines is expected in the near future. 

A large portion of the natural-gas consumption of areas 
such as the Appalachian area,.the Eastern Kansas-Oklahoma 
area, and California has been supplied by local production. 
However, as a result of very high demands upon these local 
sources during the last four years, there has been a rapid 
decline in reserves and deliverability, and there is now a 
need for new transmission lines to carry gas from concen- 
trated supply areas to these established markets to compen- 
sate for declining local production. 

In view of the necessity for additional natural-gas trans- 
Mission lines in the near future, the practice in design and 
construction of the lines which have been built recently, or 
are in the process of construction, should be examined to 
emphasize those factors which tend to minimize the cost of 
transmission. 

_In the design of a gas transmission line, selection of the 
size of pipe, the number of compressor stations and the ratio 
of compression are determined a equations of gas flow and 


factors of cost along established principles which have been 
amply discussed in the literature of the gas industry. It is in 
the selection of .materials and of operating pressure that 
modern practice indicates trends to lower cost. 

Certain phases of gas-transmission-line practice have 
undergone a change as a result of improvements in pipe 
welding, in pipe manufacture, in pipe coating and cathodic 
protection methods, in high-pressure valve manufacture, in 
engine-compressor units and in the technology with reference 
to super-compressibility and pipe-line-friction factors. While 
some of the modern types of material have been available 
for a considerable time, it has taken the test of time and use 
to prove the material and its application. Take the case of 
high-grade electric weld and seamless. pipe. This material 
has been available since about 1931. Yet, until recently, it 
was not thought practical to employ pressures which would 
stress the pipe to 70 percent of yield strength, which is 
equivalent to a safety factor of 1.4 to 1.5. The apparent delay 
in the fvll use of new methods and materials is due largely 
to the fact that 1931 marked completion of a great expansion 
of natural-gas lines and no large transmission lines have 
been built until recently, with the exception of the loopin 
programs of existing lines. In some cases, thinner-walle 
pipe was used than had been installed on the lines which 
were being looped, but the operating pressures were limited 
by the original lines. 

The tendency at the present time is to employ working 
pressures of from 700 to 800 pounds on long lines and higher 
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pressures on short lines where field compression is not 
necessary, to determine safety factors on the basis of the 
yield strength of the steel rather than the ultimate tensile 
ee to install angle type engine-compressor units, to 
dehydrate gas before it enters the line and to establish a high 
sustained load. 

In 1891, two parallel 8-inch gas lines were constructed into 
Chicago from Greenstown, a distance of 120 miles, using 
wrought iron pipe with screw joints. The maximum operat- 
ing pressure was 525 pounds,’ which was unusual at that 
time. In 1909, Cincinnati Gas Transportation Company con- 
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structed a 20-inch “soft” steel line about 126 miles long from 
Kenova, West Virginia, to Cincinnati, Ohio, using couplings. 

This line had a maximum operating pressure of 325 pounds. 
’ Many other lines of ‘similar length and capacity were con- 
structed up to 1926, most all of them being limited to about 
300 pounds maximum working pressure, some using wrought 
iron pipe, but many with lap-welded steel pipe of about 
45,000 pounds tensile strength. 

The construction of Interstate Natural Gas Company’s 
170-mile, 22-inch steel pipe line from Monroe to Baton 
Rouge, Louisiana, in 1926, and its 90-mile extension of 18- 
inch in 1927 marked the start of the expansion of long gas 
lines which took place up until the end of 1931. Pacific Gas 
& Electric Company’s 16- and 22-inch line from Button- 
wiliow to Milpitas, California, completed in 1929, was the 
first large gas line of all-welded construction. The Standard 
Oil Pacific Gas transmission line from Buttonwillow to Oak- 
land, California, was the first major long natural gas line to 
use 26-inch pipe. 

Table 1 shows 16 natural-gas transmission lines constructed 
from 1926 to date. While some 40 transmission line proj- 
ects have been considered in reference to this subject, those 
listed have been chosen in general because they are major 
projects or are Significant of the trend of transmission-line 
practice. The transmission lines of Cities Service Gas Com- 


pany from Pampa to Wichita, Colorado Interstate Gas Com- 
pany from Texas to Denver, the Columbia Gas & Electric 
Corporation from Boldman, Kentucky, to Coatesville, Penn- 
sylvania, Montana Power Company from Cut Bank to 
Anaconda and Butte, Montana, and Southern Natural Gas 
Company from Monroe, Louisiana, to Atlanta, Georgia, have 
been omitted from the table because of lack of full informa- 
tion on the wall thickness of the pipe and the characteristics 
of the steel. Several of these lines undoubtedly mark the 
most difficult pipe-line work undertaken and they are distinct 
achievements in design and construction. These lines are 
from 200 to 450 miles long and consist mostly of 20-inch and 
22-inch pipe with maximum working pressures which do 
not exceed 500 pounds, and safety factors of 4 to 5 on the 
ultimate tensile strength. Thus it can be seen that these lines 
have similar characteristics to those listed on the table. 


Working Pressure 

The maximum working pressure cannot actually be con- 
sidered as independent of the safety factor. With a given 
line size, pipe-wall thickness and yield strength, the safety 
factor decreases with the increase in maximum working 
pressure. The principal point to be emphasized is that opera- 
tors now have sufficient confidence in material standards and 
construction work to be willing to operate lines at maximum 
working pressures which will stress the steel in the pipe to 
about 70 percent of the yield strength, or in other words, to 
use a safety factor of 1.4 to 1.5. 

The conditions which influence the determination of the 
maximum working pressure should be considered. The selec- 
tion of the maximum working -pressure employed in a trans- 
mission line is largely dependent upon the engineering judg- 
ment of those responsible for the operation and is a question 
of how much reliability should be placed on materials and 
construction methods. 

The maximum working pressure on most major trans- 
mission lines constructed from 1926 to 1931 was limited to 
about 500 pounds as shown in Table 1. The outstanding 
exception to this was the 24-inch line of Natural Gas Pipe 
Line Company of America from the Panhandle field in 
Texas to Chicago, which was operated at 600 pounds 


initially and now operates at a maximum pressure of 712 


pounds, 

During this period, experience gained in the manufacture 
of large electric-weld and seamless pipe and in the construc- 
tion and operation of hundreds of miles of gas lines under 
widely varying conditions, brought about improvements in 
design, in construction and in testing procedure. Lap-weld 
pipe began to be displaced with electric weld and seamless 
pipe. The use of couplings for all pipe joints was being 
replaced by composite weld and coupled lines and in some 
cases by all-welded lines. The technique of acetylene welding 
was introduced and improved. Similarly, arc welding was 
introduced and improved. Valves of suitable sizes which 
have been limited to about 500 pounds working pressure 
were modified and the working pressures increased. Leakage 
which was a major problem on screw lines of an earlier 
day was reduced to lesser importance in coupled lines by the 
use of improved coupling gaskets and was largely eliminated 
in all-welded lines. 

As a result of this development, a change in construction 
practice began to be evident as illustrated by the 800- and 
650-pound working pressures of El Paso Natural Gas Com- 


- TABLE 1 




















Natural Gas Transmission Line Characteristics 1926 to 1944 
Pipe Pipe Wall 
Diameter— Length of Thickness— | Max. Working | Safety Factor 
COMPANY Date Inches Line—Miles Inch Pressure, psi Ultimate 
Interstate ate Sie oT Sse 0 via a's had 840s SPOS gL Bee CF) Rade ae x0 oR aes 1926 22 172 % 350 4to5 
sash wdnsnpiardatesnsecindcageeasscions 1928 18 210 wt 400 4to5 
eh ce Co ne coco tyes gente sch ca iytcnies sacckesss 1929 16, 20, 22 297 4, te, os 400 4to5 
Mississi pi River EC dG CE ee rs natn de okdware 1eS dc och dee) hese aeeces 1929 22 431 ts. 4, % 400 4to5 
sled Re Sage Deir oo ui bs s's.t 5.0’ ieee slat ua ce Vaclay enn op hast 1930 20 to 26 198 %, 400 4to5 
cin, v wk cpicdewececcpineccedceshacscnce 1931 20, 22, 24 860 . 4to5 
Ca oa oe hay sided va bis spa cien eet baico ecetacetves et ee voce 1931 16 to 26 CARA es eet 400-450 4 to 5f 
es bs re os i on Cunwb acca ecu ecscuivobdcvcaccsivesae’s 1931 24 1000 ts, #4 t 3.¢ 
Nee nn a ubcbided codeshare ss puedes dans 1936 1284 93 *. % 1300 + 
Yield Point 
RS ARE Sr A na 1939 16 243 LA 600 2.2 
I ar SMSO ts SSUES ook Wi ode ncs cdceh esi vinmcatbaes 1941 26 400 4% 712 1.5 
Southern Nat i ReMi duider ict hitla/en,vle-a vied 4e nds sNueeb ha cd gras be § Goth ead se vey } 1942 14 120 is 1200 1.8 
ne he, ehcrisichcctancharcks | 1942 1234 96 259, os, te 1000 2.2 
SEE DEIGIS SOG RENESAS a a NR I CTO Oa 1944 1234 145 a & 1000 2.2 
I I eg gs oe Dod docib ede aswedddscolct!: Be 1944 24 1200 Yds 750 1.4 
Nn oascwavecsecyaus | 1944 26 240 \% 760 1.4 

















* Now an oil line. t The safety factor of several sections is not known. 


on an assumed tensile strength of 80,000 per square inch and yy-inch pipe. 
The safety factors listed have been calculated on Barlow’s formula using the pipe-wall thickness for the section or sections having the maximum working pressures. The figures 4 to 5 
os been used because available data is not sufficiently accurate to warrant a closer figure. The company names listed are the present owners of the lines and not necessarily the original 
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t “Transportation of Natural Gas from Texas to Chicago”. W. Soc. of E. J. 40:54-58 Ap ’35. © Based 
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pany’s extensions to Bisbee and Douglas and to Phoenix, 
constructed in 1931 and 1933, and the Zionsville to Detroit 
extension of Panhandle Eastern Pipe Line in 1936 having 
a 600-pound working pressure. In 1936, Hope Natural Gas 
Company completed a 1234-inch line 93 miles long in West 
Virginia, from Cornwall Compressor Station to Hastings 
Station, designed to operate at 1300 pounds. The use of such 
a high working pressure is a land mark. 

In 1941, United Gas Pipe Line Company built a 200-mile 
line from Lirette, Louisiana, to Mobile, Alabama, with a 
maximum working pressure of 1000 pounds,’ since high- 
pressure gas was available at this field. 

In 1942, Southern Natural Gas Company and Oklahoma 
Natural Gas Company each built solid welded lines from 
high-pressure fields with 1200 and 1000 pounds working 
pressure, respectively. Southern Counties Gas Company is 
building a line in California between LaGoleta storage field 
and Los Angeles, of which 36 miles will have a maximum 
working pressure of 1000 pounds. These lines illustrate that 
working pressures of 1000 to 1200 pounds are feasible with 
the present method of construction, and practical where such 
pressures are available without compression. This is particu- 
larly significant in relation to the 22 trillion cubic foot 
reserve’ of the condensate fields located in Texas and Louisi- 
ana, where the rock pressure is very high. While the pres- 
sures at which this gas will be available to pipe lines will 
vary and cannot be stated exactly, pressures in excess of 
1000 pounds will be generally available. 

Selection of the maximum working préssure of a trans- 
mission line is partially dependent upon the field pressure 
and the length of the line. If sufficiently high field pressure 
exists to transmit a suitable volume of gas from a+ field 
through a pipe line to the market, without recompression, 
then this field pressure may well be the most economic 
maximum working pressure. If, however, the terminal point 
of the line is many hundreds of miles from the field and 
numerous recompressions are necessary, then it may not 
be economically sound to build the entire line for a high 
maximum working pressure. 

The trend of modern practice is illustrated by three major 
transmission lines, one built, one building and one which 
was planned but not built, designed for working pressures 
of from 700 to 800 pounds. These are Cities Service Trans- 
mission and Chemical Company’s 26-inch line from Hugoton 
field; which was designed to operate at 760 pounds working 
pressure; Tennessee Gas & Transmission Company’s 24-inch 
line from Texas to West Virginia with 750 pounds maximum 
working pressures, and the line which Hope Natural Gas 
Company had contemplated building from Hugoton with an 
operating pressure of 770 pounds. These lines indicate the 


High-pressure solid type adsorbent 
gas dehydration plant, Oklahoma 
Natural Gas Company. 


present practice of long natural gas transmission to use large 
diameter, thin-walled, high strength pipe with a maximum 
working pressure of from 700 to 800 pounds. 


Safety Factor 

Table 1.shows that up to 1931, most pipe lines were de- 
signed with a safety factor of from 4 to 4 based upon the 
ultimate tensile strength of the pipe material. Up to about 
1927, only butt-weld and lap-weld pipe were available. The 
lap-welded pipe had a tensile strength of about 45,000 
pounds, with lap-weld joint efficiency of about 92 percent. 
The first electric-weld pipe was made in 1927. To meet this 
competition, other pipe companies undertook the manufac- 
ture of seamless pipe. 

At the same time, another development was taking place 
in the field. In 1927, acetylene welding of joints was coming 
more into use. During 1929, arc welding was used’ exten- 
sively on gas transmission lines. In 1930, the shielded-arc 
electrode was brought into use, with the result that the 
welds were more ductile, hence safer. Most lines were still 
being built by welding several sections of pipe and then 
jointing these longer sections with couplings. This resulted 
in a flexible line able to provide for expansion and contrac- 
tion caused by temperature changes. 

Up to 1931, long gas lines of large pipe had been a new 
undertaking. There was no adequate background of experi- 
ence in laying the pipe, in welding, in the use of couplings 
and in testing the lines. Also, mill standards were not as high 
as they later became. A certain tendency still existed to 
provide extra thickness in pipe walls for corrosion. Taken 
all together, the art was new and so it was considered good 
engineering judgment to provide a safety factor of 4 to 5 
on the ultimate tensile strength of the steel. Actually, this 
was a Safety factor of 2.5 to 3.0 on the yield strength of 
the steel. 

In 1936, Hope Natural Gas Company built an all-welded 
line designed with a safety factor of 3 on ultimate tensile 
strength. In 1939, Northern Natural Gas Company extended 
its system 243 miles with 16-inch pipe with shows the same 
safety factor. However, this line was designed for a safety 
factor of 2.2 on yield strength, and is believed to be one of 
the first natural gas transmission lines whose safety factor 
was based on the yield strength. 

As illustrated in Table 1, gas transmission lines con- 
structed from this time on were designed with a safety 
factor based upon the yield strength. Uncertainty about 
welding, non-uniformity of thickness of the pipe and erratic 
physical characteristics of steel_in the pipe had largely dis- 
appeared, The 26-inch line of Cities Service Transportation 
& Chemical Company was designed with a safety factor of 
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1.4. The 24-inch Tennessee Gas & Transmission line, which 
is now being built, has a safety factor of 1.4. The 22-inch 
line, which Hope Natural Gas Company had proposed to 
construct in 1944, was designed on a safety factor of 1.4. 

Use of safety factors of 1.4 to 1.5 on the yield strength 
shows complete confidence in the welding methods, in the 
pi e strength and uniformity and in construction methods. 

is practice has been made possible because the procedure 
of carefully inspecting and testing materials and workman- 
ship of every mile of line has become a part of modern con- 
struction methods. The pipe manufacturers’ guarantee of a 
specified yield strength is as reliable as their inspection and 
testing procedure. Sampling and testing of each welder’s 
work before permitting him to weld joints on a pipe line 
helps to assure uniform welding. The hydrostatic test of 
completed sections of the line at pressures reasonably above 
the maximum working pressure and below the yield strength, 
eliminates faulty materials and workmanship. These testing 
procedures make it possible to design on the basis of a 
maximum working pressure equivalent to about 70 percent 
of yield strength. 

igure 1 shows the relative trend of hoop fiber stress and 
yield strength on typical gas lines constructed from 1920 to 
date. It illustrates that the yield strength has risen from 
25,000 pounds per square inch in 1920-1928 to 50,000-55,000 
pounds. This is an increase of about 120 percent. During the 
same period, the fiber stress increased from 1,000 to 36,000 
pounds, or about 260 percent. While only a few examples 
have been illustrated on this chart, they are representative 
of the trend in fiber stress as. compared with the trend in 
yield strength. This shows that transmission line practices 
have advanced to a point where much more efficient use is 
now being made of the strength of the pipe. 

When welding of gas lines first begun, there was con- 
siderable objection to a solidly welded line without couplings 
or joints to provide for expansion. It was believed that 
longitudinal stresses resulting from the expansion and con- 
traction due to temperature variation would cause the pipe 
to fail. The first large all-welded lines were constructed in 
California and in Texas, in locations where the temperature 
change was small. However, construction of Hope Natural 
Gas Company’s line in 1936 with solidly welded construction 
helped dispell this fear and all-welded construction has now 
become accepted practice. 


Compressors 

Until about 1940, horizontal slow-speed gas engines were 
used almost universally as prime movers in gas booster 
Stations on long transmission lines. The simplicity and 
réliability of the horizontal unit had proved itself in over 
40 years of use. It warranted the confidence placed in it by 
pipe-line men. These slow-moving engines do not fail easily 
or quickly, and if carefully checked and repaired, their main- 
tenance cost is reasonable. However, in the last four years, 
many medium speed multi-cylinder angle-type engine-com- 
pressor units have been installed for this service. 

When the new medium-speed multi-cylinder angle-type 
engine-compressor units were brought out in 1937, the gas 
industry awaited proof of their dependability and reasonable 
maintenance cost before adopting their general use on long 
lines, However, many of these units were installed in re- 
fineries, gasoline plants and cycling plants. Since 1942, the 
on companies have found it difficult to secure anything 

ut an angle unit, and so this type was installed in new 
booster stations or station additions. Now many of these 
units have been pumping three years or longer, so there 
has been ample opportunity to establish their reliability and 
reasonable maintenance cost. 

Most of the angle-type units have a stroke of about 14 
inches. On the basis of 300 revolutions per minute, the 
average piston speed is about 700 feet per minute. The 
horizontal units most commonly in use on long transmission 
lines have a 36-inch stroke and a speed of 125 revolutions 
per minute, which indicates a piston speed of 750 feet per 
minute. So the cylinder and piston wear should be about 
the same for both types. The ignition systems of both slow- 
and medium-speed units are very similar, both having taken 
on the characteristics of an automobile-engine ignition. 


Capacity Factor 

The term “capacity factor” as applied to gas transmission 
lines is the ratio of the average load to the capacity. Many 
companies having closely interconnected networks of lines 
cannot determine the capacity of their systems and so they 
do not know the capacity factor. The various sections of 
such systems have been built over a period of years with 
different working pressures, lengths and sizes of pipe. As a 
result of changes in field pressure, and the growth or decline 
of loads, operating conditions have changed to the extent 
that the original design capacity has little meaning in the 
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system network. In this type of system, the criterion of 
operation in lieu of.a capacity factor is the load factor, or 
the ratio of the average load to the maximum load. 

It is not economically feasible to construct a long line 
unless a high capacity factor can be assured, because of the 
large investment required and the high fixed charges result- 
ing. There are several ways of establishing a high capacity 
factor, including the sale of gas on an off-peak basis and 
the use of underground storage reservoirs. When a new 
line is contemplated, contracts offered to distributing com- 
panies and to industrial concerns can be arranged to provide 
lower rates for gas sold during off-peak periods and thus 
offer an incentive for off-peak load. The large industries will 
purchase gas on this basis, provided the gas rate will com- 
pete favorably with other available fuel and will allow a 
margin for the cost of installation of necessary standby fuel 
facilities. 

There has been an increasing use of old gas fields as 
storage reservoirs. Gas is injected into these fields during 
periods of low demand and taken out during periods of high 
demand, thus cushioning the effect of variations in demand. 
It is becoming the practice to use such fields when available 
to help develop the high capacity factor necessary for new 
pipe lines. : 

The capacity factor of most long gas lines constructed 
in the period from 1926-1931 was 60 to 70 percent at the time 
the lines were built. Now, most new lines have a capacity 
factor of about &) percent. 

The new lines of Cities Service Transportation and Chemi- 
cal Company and Tennessee Gas and Transmission Company 
have been planned on the basis of high capacity factors. The 
large base load of the Cities Service system will provide a 
high sustained load for the Hugoton line. The large storage 
capacity of the Appalachian area will help to establish a 
high capacity factor on the Tennessee Gas and Transmission 
line. The existing partially depleted fields of this area will 
be called upon for much of the peak demand. Other new 
lines from concentrated production areas to the large markets 
are expected to have high capacity factors because of the 
necessity of carrying a great volume of gas long distances, 
economically. : 

The idea has recently been advanced that natural gas 
should be conserved for “higher” uses, such as domestic 
consumption, and that it is not to the best interests of such 
consumers that gas be sold at low-offpeak rates for boiler 
fuel. The problem of the transmission of natural gas from 
distant flelds is largely a question of cost. As has been stated, 
it is not economically feasible to construct new lines unless 
they have a high capacity factor. It would be perfectly 
sound to build a line for a low capacity factor if consumers 
could be expected to pay a sufficiently high rate. Under 
prevailing gas rates and the present field cost of gas, it is 
not practical to build new lines with much less than 80 per- 
cent capacity factor. As the load factor of most gas distribu- 
tion centers, which might be terminal points of long trans- 
mission lines, is much lower than 80 percent, provision must 
be made to complement this load. When the sale of gas on 
an off-peak basis will help to establish the capacity factor at 
the point where the construction of a new line is feasible, 
such sale is to the interest of the domestic consumer because 
it is only by the construction of such a line that distant 
sources of gas become available. 


Conclusion 

The art of transmitting the large volumes of natural gas 
has changed from an initial stage in the period from 1926-31 
during which suitable high-strength pipe was being developed 
and methods of construction were changing, to the present 
period in which improved materials are available, workman- 
ship is of high caliber and the maximum use is being made 
of pipe strength. The trends to minimum cost during this 
time are characterized by the use of maximum working 
pressures which will stress pipe to about 70 percent of the 
yield strength, by the installation of medium-speed angle- 
type compressing units and by capacity factors of at least 
80 percent. 
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—HERCULOY 


in synthetic rubber processes 





OSSESSING the strength of mild steel with the 
RRR resistance of copper, Herculoy fre- 
quently makes it possible to combine in a single 
part both structural and process functions, with 
resulting economies in time and cost of erection, 
and in maintenance. It is a pleasure to note the 
use of Herculoy in speeding up the synthetic rub- 
ber program. 

Herculoy — a copper-silicon alloy — can be 
welded readily by gas or electricity, which makes 
it especially attractive for the construction of 
pressure vessels, stills and similar chemical plant 
apparatus. Heat treatment after working relieves 
internal stresses without sacrificing strength, 
hardness, or resistance to abrasion. Write 
for new Manual, ‘Revere Copper and 
Copper Alloys—Technical Information 
for Product Designers.’ Contains data 


on Herculoy chemical and physical char- 





acteristics, as well as on other Revere 





products. 






| Manifold, 20" with 12" branches, fabricated from Herculoy Sheet 
by Gerstein & Cooper, South Boston, Mass. 













Welding 30" pipe made 
from Herculoy Sheet—for 
use in famous company's 
synthetic rubber plant. 

















TYPICAL APPLICATIONS 

of Revere Copper and Copper-Base Alloys: 
Heat Exchangers and Condensers Mixers 
Evaporators Storage Tanks 


Pressure Vessels Reactor Vessels 
Receivers Fractionating Columns 


Catalyst Tubes and the like 


We supply copper and copper-base alloys in: SHEET, STRIP, 
PLATE, ROD, BAR and SHAPES, TUBE and PIPE, WELDING ROD 








REVERE 





COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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Shell’s Wood River Refinery § 
Hangs Up New Safety Record 


Wood River, Illinois, Refinery, Shell Oil Company 


DP sii the Wood River, IlIli- 
nois, refinery of Shell Oil Company has 
been greatly expanded and many new 
special units added since the beginning 
of the war, the safety record has not 
only kept pace but has been improved. 
This is all the more significant in view 
of: longer work week and frequent over- 
time due to manpower shortage; the 
addition of many hundreds of new em- 
ployees, some of whom are women, who 
started with little knowledge of the 
work required; the use of older tools in 
maintenance and frequent substitution 
for critical materials, and the usual war- 
time conditions such as_ distraction, 
worry, speed, and necessity of produc- 
ing maximum amounts of products. 
The refinery safety department is 
composed of a staff safety chairman, 
head safety engineer and seven safety 
inspectors. This organization, in collab- 
oration with other departments, assumes 
the responsibility for all safety instruc- 
tions and safe working conditions 
throughout the plant. Safety has always 
been stressed in the plant and a low 
accident-frequency record maintained. 
However, at the beginning of the war 
when considerable construction activity 
had already started and accidents were 
on the increase, it became evident that 
more activity in safety work was neces- 
sary if accidents were to be held in line. 
The safety organization started an in- 
tensive drive to make everyone safety 
conscious, with a firm belief that acci- 
dents need not happen in spite of the 
unusual conditions being experienced. As 
a result, the safety record has not only 
been maintained but actually improved. 
This refinéry is now one of the few 
plants in the petroleum industry in 
which the accident frequency has been 
lowered since the start of the war. In 
this period the refinery safety record has 
been exceeded twice and a total of 3,205,- 
000 man-hours worked with one dis- 


J. F. GOLDSBERRY, Chief Engineer 


abling injury. It may be added that the 
records are in no way influenced by in- 
jured workers returning to what is 
known as “light duty” to avoid disabling 
injuries, as the refinery physician’s judg- 
ment is final in this respect. 

The present average accident fre- 
quency for the refining industry as re- 
ported by the United States Department 
of Labor is 11.8. In comparison, this re- 
finery’s frequency record over the past 
5% years, including July, 1944, is as 
follows: 


1944 (7 mos.) ; 
There are many departments which 

have hung up impressive safety records 
by working periods of several years 
without a single disabling injury: (The 
number denotes years worked since last 
disabling injury.) 

Tool room attendants.......20 

Cooling-water system .......20 

Lube treating heavy oils..... 18 

Blacksmiths 

Shop machinists 

Storehouse attendants 

Laboratory 

Lead burners 

Slop recovery 

Surveyors 

Switching 

Loading and Unloading 

Lubricating Laboratory 

Gas plant 

Coke disposal | 

Brickmasons 

Lube vacuum stills 

Riggers 

Lube dewaxing 

Lube filters 

Electricians 

Cranemen 

Welders 


: 
These safety records are attributed} 
constantly teaching safety thinking af 
a religious application of safe working 
methods. Safety thinking and safe prag 
tices become a matter of salesmanship 
which, when accepted by the employe 
require only normal effort to continug 
Supervision must first become interested 
and sold on safety, as experience h 
taught that unless safety thinking sta 
from the top, full benefits will not B® 
reached on the way down. To accom 


. plish this the old maxim “to increase ite 


terest, give a person something to do 
was employed. Accordingly, all super 
visors were given an opportunity to lead 
meetings. In this manner it was soo 
discovered that there was an abundane@ 
of latent safety leadership which had 
never taken special interest in safet 
work. It was also found that this ing 
terest increased the more they becam 
involved in the work. 

Approximately 50 safety meetings are 
held each month. All maintenance and 
construction employes attend meetings 
of one hour’s duration. In some depart- 
ments where it is more convenient, small 
group sessions are held weekly. All em- 
ployees with the exception of the office 
workers attend these meetings. 

Special attention is given to the sub 
ject matter and the method of conduct 
ing meetings. A poorly conducted or un 
interesting meeting makes little impres- 
sion on the employees. The leaders aré 
chosen from the refinery staff in accord# 
ance with their ability. Not everyone ig) 
qualified to conduct meetings although 
he may be entirely sold on safety. There- 
fore, only those who have the desire and 
possess the ability are requested to lead 
meetings. ; 

In all meetings, safety thinking 15) 
stressed and, in particular, near accidents 
are discussed. The interest of employees; 
is easily held on such subjects. Sugges= 
tions are requested but not dwelled om 


” 


In some departments of the Shell Oil Company‘s Wood River Refinery the whole department has established records of up to two decades of 

ice without a single disabling injury. This group shows the day shift of seven refinery departments, all of which have a record of better than 

years without disabling injuries, Included are tool room attendants, 20 years; cooling water systems, 20 years; lube treating heavy oils, 19 year 
shop machinists, 18 years; blacksmiths, 18 years; and storehause, 17 years. 
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Directly responsible for putting into practice the precautions which have made possible the out- 

standing safety record of the Shell Oil Company's Wood River Refinery are the members of the 

refinery's safety staff. Left to right they are R. A. Randels, B. C. Cole, E. S. Quillen, J. S. Brien, 
G. L. Moorman, Jr., C. A. Nicolet, J. F. Goldsberry, A. T. Smith and E. B. Wiley, Jr. 


for any length of time as in most in- 
stances they require investigation and 
then are handled personally with the 
suggester. All suggestions are disposed 
of as quickly as possible by means of a 
letter advising of their final disposition. 
Good housekeeping which, no doubt, 
plays a part in safety work is not al- 
lowed to consume too much time in the 
meetings. Disabling injuries in the plant 
are thoroughly aircd along with action 
taken to prevent recurrence. The prime 
purpose of the meeting is to promote the 
feeling among the employees that they 
have a duty in safety work and are, ina 
sense, all safety inspectors. 

Active interest of staff members also 
stimulates the work of the regular in- 
spectors. These inspectors have been 
trained so that in promoting safety work 
they are able to obtain the cooperation 
of the foremen and employees. They 
have been carefully chosen and possess 
years of refinery experience. They are 
men of good personality and by uature 
are patient and cooperative. They under- 
stand that safety cannot be forced but 
must be obtained through educating the 
employees to think and want to do a job 
safely whether an inspector is around 
or not. 

We feel the present record is a result 
of good leaders, good inspectors, and a 
live and enthusiastic safety organization 
which takes pride in the knowledge that 
through its efforts human suffering and 
lives have been saved, and that hundreds 
of hours of time, so precious to petro- 
leum refining on a wartime schedule, 
have been saved for the manufacture of 
vital products. 

The safety organization at Wood 
River refinery is a division of the engi- 
neering department and consists of 
James F. Goldsberry, refinery chief en- 
gineer, as safety chairman; Ray 
Randels, head safety engineer; A. T. 


132 


Smith, J. S. Brien, G. L. Moorman, Jr., 
and C. A. Nicolet, senior inspectors, and 
E. S. Quillen, E. B. Wiley, Jr., and B. C. 
Cole, inspectors. 


Propose Recommendation 
For Iron, Steel Relief Valves 


A proposed simplified practice recom- 
mendation for iron and steel relief 
valves for petroleum, chemicals, and 
general industrial services, has been 
submitted by the Division of Simplified 
Practice, National Bureau of Standards. 
These valves are primarily intended for 
air, gas, vapor and liquid service re- 
quirements for oil refineries, gasoline 
plants, synthetic rubber projects, and 
chemical plants; also for general indus- 
trial service. 


The development of this recommenda- 
tion was undertaken at the request of 
ihe Shipbuilding Division of the War 
Production Board, and is one of several 
such recommendations proposed for the 
purpose of insuring adequate production 
of all types of safety and relief valves 
for all needs. 


The Petroleum Administration for 
War is the principal claimant agency 
for the relief valves found in the pro- 
posed recommendation and representa- 
tives of the construction division of that 
office collaborated with the segment 
committee of the Valve Industry Ad- 
visory Committee and the National 
Bureau of Standards in drafting the 
simplified list of sizes and varieties. 

Mimeographed copies of the proposed 
simplified practice recommendation, 
upon which comment has been re- 
quested, may be obtained upon request 
to the Division of Simplified Practice, 
National Bureau of Standards, Wash- 
ington 25, D. C. 





More-Potent Gasoline 
For Super-Power Planes 


A new aviation gasoline, more power- 
ful than any heretofore produced, will 
be ready for delivery to the B-29 Super- 
fortresses and B-32 bombers now being 
produced for the attack on Japan, any 
time military authorities give the word, 
it-was announced August 13 by PIWC 
Chairman William R. Boyd, Jr. 

About 80 percent of the industry's 
high-octane production capacity is avail- 
able, with only minor modifications and 
additions to facilities to produce the new 
fuel, which Boyd said was perfected pri- 
marily to accelerate Allied aerial activi- 
ties and is of vastly improved octane 
rating over the gasoline now used, itself 
the finest the world has ever known. 

Boyd explained that the new gasoline 
cannot be provided on a volume basis 
until needs in the European theater for 
100-octane are lessened. The available 
refining capacity of the United Nations, 
he said is now taxed to capacity in sup- 
plying the more than 500,000 barrels a 
day currently required. However, he 
added, a considerable amount of the 
new product may begin to flow this fall 
as the new super-super planes begin 
their anticipated hammering of the Jap- 
anese homeland. 

Details of the new gasoline are 
cloaked in military secrecy, Boyd said, 
but in essence it is 100-octane gasoline 
“rebuilt chemically and treated in a 
manner .to squeeze the last drop of 
potency from the present product.” It 
was developed under the program of 
the PIWC technical advisory commit- 
tee for improvement of the quality of 
aviation gasoline with the use of exist- 
ing equipment and modifications. 


Data Compiled on 
Fischer-Tropsch Process 


The Bureau of Mines has published 
a survey of scientific material on the 
preparation and properties of metal car- 
bides and their importance as catalysts 
in the Fischer-Tropsch process. 

The report brings together the more 

reliable facts on the carbides of iron, 
cobalt, and nickel in their connection 
with liquid-fuel production by the syn- 
thesis of gases from coal or coke. Its 
compilation is only one phase in a long 
series of synthetic liquid-fuel experi- 
ments and investigations conducted by 
the Bureau of Mines in recent years. 
_ A catalyst, such as the carbides of 
iron, cobalt and nickel, plays an impor- 
tant part in the Fischer-Tropsch process 
for converting synthesis gas from coal 
or coke to oil, since the catalyst deter- 
mines the speed with which the reaction, 
or change, takes place, and has a marked 
influence upon the quality of the fuel 
produced in the operation. 

A copy of the report may be obtained 
by writing to the Bureau of Mines. De- 
partment of the Interior, Washington 
25, D. C., for Report of Investigation 
3770, “The Preparation and Properties 
of Metal Carbides with Critical Com- 
ment as to Their Significance in the 
Fischer-Tropsch Synthesis,” by L. J. E. 
Hofer. 


Products Line 


The Ohio Oil Company has work un- 
der way for a 6-inch products pipe line 
to move 16,000 barrels daily from its re 
finery at Robinson, Illinois, to Ind 
anapolis, Indiana. 
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Laborato Fractionation at Atmos- 
heric Picssiors of Normally Liquid 
ydrocarbons. H. J. Hepp and D. E. 

Smith, Phillips Petroleum Company. 

The factors involved in the laboratory 
distillation of normally liquid hydro- 
“carbons when it is desired to separate 
near-boiling components are discussed, 
and suitable fractionating columns are 
described. 

A generally useful column is described 
wherein the fractionating section is 
packed with single-turn wire helices, the 
column being insulated with an espe- 
cially designed electrical heater which 
makes it possible to maintain the frac- 
tionating section in an adiabatic condi- 
tion. This column is equipped with an 
especially designed head provided with 
electrical means for automatically main- 
taining the desired reflux ratio. Columns 
of this design containing up to about 100 
equivalent theoretical trays have been 
found to operate satisfactorily. 


A Universal Pressure Rectorying Col- 
umn, Edgar S. Byron, John R. 
Bowman, and James Coull, Mellon 
Institute for Industrial Research and 
University of Pittsburgh. 

Following an introductory review of 
high vacuum distillation in. general, a 
new type of rectifying column is de- 
scribed. This column, in contrast to all 
countercurrent contactor types, employs 
the principle of “multiple redistillation” 
previously described. [R. M. Schaffner, 
J. R. Bowman, and James Coull, Trans. 
Am. Inst. Chem. Engrs. 39 77 (1943)], 
but differs in being applicable at all 
pressures. Basically, it comprises two 
concentric tubes. Heat is applied uni- 
formly throughout the length of the 
outer one, and the reflux stream, which 
flows down its inner surface, is continu- 
ously vaporized. Vapor rises in the an- 
nular space between the two tubes. The 
inner tube is uniformly cooled through- 
out its length, and rotated at such a 
speed that the condensate formed on it 
from the vapor is thrown off centrifu- 
gally to join the reflux stream. The the- 
ory of the performance of such a column 
is developed in detail, and experimental 
results are presented showing fair agree- 
ment with the ideal predictions. In addi- 
tion to operation at all pressures, espe- 
cially high vacuum, these columns have 
the advantages of very low holdup, 
being virtually flood-proof, and requir- 
ing low reflux ratio. 


An Automatic Laboratory Fractionating 
Column. Victor C. Smith, Arthur L. 
Glasebrook, Hercules Experiment 
Station, Hercules» Powder Company, 
Wilmington, Delaware. Charles R. 
Begeman, and Wheeler G. Lovell, Re- 
search Laboratories Division, General 
Motors Corporation, Detroit. 

An automatic laboratory fractionating 
column, one of a number used for some 
years for the analytical distillation of 
close-boiling hydrocarbons, is described 
in detail. It is made almost entirely ot 
corrosion-resistant metal, including .a 
10-foot multiwall ~acuum jacket. The 
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automatic features include control of 
heat input to the stillpot, collection of 
the distillate in separate containers, and 
recording the volume of distillate and 
the distillation temperature. Adequate 
safety devices are provided. Using a 
modified removable Dufion packing, the 
column has 50-ml. holdup, 1200 ml. per 
hour throughout, and as high as 120 
theoretical plates. Detailed drawings of 
the column itself and of the electrical 
circuits for automatic control are in- 


cluded. 


Bearing Corrosion Characteristics of Lu- 
bricating Oils. The Indiana Stirring 
Corrosion Test. C. M. Loane and J. 
W. Gaynor, The Standard Oil Com- 
pany (Indiana), Whiting, Indiana. 
Data are presented on the effect of 

various inorganic catalysts upon the cor- 

rosion stability of heavy-duty lubricat- 
ings oils as measured by the weight loss 
of a lead strip suspended in a stirring 
type laboratory test (Indiana stirring 
corrosion test). An increase of catalyst 
concentration may increase or decrease 
the corrosion stability of various oils de- 
pending on the type and concentration 
of additive present in the oil. Lead oxide 
appears to be a particularly appropri- 
ate catalyst for correlation with bearing 

corrosion data from the standard 36- 

hour Chevrolet test. 


Laboratory Evaluation of Oil Deteriora- 
tion. R. G. Larsen, Shell Development 
Company, Emeryville, California. 
Detailed consideration is given to the 

physical-chemical variables involved in 

the deterioration of engine, turbine, and 
transformer oils and the factors which 
are significant in service. It is possible 
therefrom to establish the conditions 
most suitable for laboratory tests. Be- 
havior of engine lubricants in the ring- 
belt area cannot be studied in tests 
designed for measuring crankcase. oil 
stability but requires specially adapted 
high-temperature experiments. 

Limitations are discussed as well as 
difficulties in correlating test results 
with field data. It is concluded that the 
laboratory methods should be employed 
not so much to predict the useful life of 
an oil, but rather to provide a relative 
rating for a series of oils and informa- 
tion as to their fundamental chemical 
nature. 


Laboratory Evaluation of Some Factors 
Causing Lubricating Oil Deterioration 
in Engines, R. E. Burk, E. C. Hughes, 
W. E. Scovill, and J. D. Bartleson, 
Standard Oil Company (Ohio). 
The deterioration of lubricating oil in 

internal combustion engines is due 

largely to oxidation reactions. It is 
shown that these reactions are primarily 
catalytic at the engine temperatures in 
question, being controlled by metal cat- 
alysts such as iron, copper, etc. The 
effects of other possible catalytic mate- 
rials, such as blow-by gas components, 
are considered. These observations are 
applied to a laboratory test procedure 
for evaluating the service stability of 


oils. A set of conditions and: catalysts 
are developed which substantially dupli- 
cate those of the present Chevrolet en- 
gine tests. The degree of reproducibility 
and of correlation with engine results is 
shown in detail. Additional procedures 
are described for determining the toler- 
ance of oils to more severe conditions, 


The Evaluation of Piston Skirt Deposits, 
A. C. Scholp, B. J. Conta, and C. D, 
Russell, The Texas Company, Beacon, 
New York. 

Methods for the evaluation of the 
principal type of piston skirt deposits 
obtained in test engine operation are de- 
scribed and their validity and utility dis- 
cussed. The methods fall into two gen- 
eral classes, depending on whether or 


-not the deposit concerned can be re- 


moved with polar solvents. Certain char- 
acteristics of the various type deposits 
are described and properties given. Test 
methods most useful for routine deposit 
determinations are discussed and special 
methods, useful where additional infor- 
mation is desired, are detailed. 


Laboratory Corrosion Tests. R. M. 
Burns, Bell Telephone Laboratories, 
New York. 

Laboratory corrosion tests may be 
employed to obtain information concern- 
ing the corrodibility of metals and the 
protective quality of metallic finishes. In 
these tests it is the practice to simulate 
natural environmental conditions and to 
measure rate of corrosion by a variety 
of methods. Owing to the diversity of 
the environments in which metals are 
used, it is not possible to devise a single 
test which is capable of determining the 
corrosion resistance of metals under alle 
exposure conditions. The principal fea- 
tures of laboratory immersion, atmos- 
pheric, and salt spray tests are described 
and the usefulness of electrochemical 
methods in corrosion study is empha- 
sized. 


Laboratory Tests to Predict the Per- 
formance of Metals Under Service 
Conditions. D. W. Sawyer and R. B. 
Mears, Chemical Metallurgy Division, 
Aluminum Research Laboratories. 

If it is desired to predict the perform 
ance of metals under service conditions, 
it is necessary to use a laboratory test 
which will give results which correlate 
directly with service results. The most 
certain method of designing a suitable 
laboratory test is to simulate the condi- 
tions ‘of service as closely as possible. 
Attempts made to accelerate the labora 
tory test by intensifying one of the fac 
tors encountered in service, often lead to 
the obtaining of misleading results. 

Several examples of laboratory tests 
illustrating these points are described im 
the paper. 

The Application of the Carbonium-ion 
Theory to the Alkylation of Iso 
paraffins. F. G. Ciapetta, The Atlanti¢ 
Refining Company, Philadelphia. 


The reactions of paraffin and olefit 
concentrated sulfuric 3m 
acid indicate that the molecular hydro- ™@ 


hydrocarbons in 
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For versatility to meet all kinds of operating conditions .. . 
for positive responsiveness to the most sensitive automatic con- 
trols .. . Cooper-Bessemer G-MV’s are outstanding. 


The pressure and flow readings on the chart opposite show 
the almost perfect performance of three G-MV’s in actual 
service under widely fluctuating load. With straight line un- 
loading from 100% to 12%, the automatic speed controls 
plus cylinder unloading were able to keep discharge pressure 
almost unvarying. 


These reliable and specially developed automatic controls are 
only one of the outstanding features of the G-MV. Other fea- 
tures that contribute to its versatility include precision bearings, 
positive ignition, proper air-fuel distribution, scientific cooling 
and correct balance. Rugged, compact, representing the most 
advanced engineering and design principles from engine bed 
to ignition system, the G-MV compressor is built for long, 
trouble-free, low-cost operation. 
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genation-dehydrogenation properties of 
this catalyst play an important role jn 
the alkylation of isoparaffins with 
olefins. The marked similarity of the 
carbon skeletons of the hydrocarbons 
produced in the alkylation of isobutane 
with butenes, and the copolymerization 
of isobutenes with normal butenes in 
less concentrated acid, suggests the for- 
mation of a carbonium-ion intermediate 
during the alkylation reaction similar 
to that postulated by Whitmore for the 
polymerization reaction. 

The proposed mechanism suggests the 
initial activation of the _ isoparaffin 
through ionization and partial dehydro. 
genation to form a carbonium-ion. This 
ion then reacts with the olefin to form 
a higher-molecular weight carbonium- 
ion, which on hydrogenation forms the 
saturated product. The mechanism is 
illustrated by the alkylation of isobutane 
with butene-2. (The carbon atom de- 
ficient in electrons is indicated by an 
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Rearrangement of the carbonium-ion 
(Il) which may involve a shift of either 
a methyl group or a methyl group anda 
hydrogen atom, together with their 
bonding pairs of electrons, explains 
many of the primary products observed 
experimentally. Depolymerization of 


The use of tire to produce 


mechanical energy began with Hero’s aeolipile 


in 130 B. C. Many centuries elapsed before 


the science of thermodynamics had practical (II) offers a logical basis for the pres- 
ence of many of the secondary products 

application. Then came the industrial revolu- found. This mechanism also explains the 
. . cs : necessity for employing certain reaction 
tion with the greater use and scientific control conditions to obtain satisfactory alkyla- 


tion of isoparaffins with olefins. 
of fire to serve the arts of manufacture. 20 Uys 





Investigation of the Mechanism of Bu- 


years ago Alcorn pioneered in research and | tane Isomerization Using Radioactive 

mr . . | Hydrogen as a Tracer. T. M. Powell 
constructive engineering for the controlled | Jad EB Reid. California Research 

4 Corporation. 

use of heat for the processing of petroleum a cundaaiien ‘aia sadatioan 

products. Always abreast of new demands | effect isomerization at low temperatures, 
é 7 Fi it is noted that they include substances 
occasioned by new techniques in the industry, that have large central groups from 
: ‘ : which a hydrogen atom protrudes. Ex- 

Alcorn heater installations are demonstrating amples are aluminum chloride, phos- 
° P in leadi fi ° phoric acid, perchloric acid, and benzene 
their efficiency in leading refineries every- caiihdeity etd ; 
. ° . The results of tritium exchange De- 

where. Alcorn Heaters merit the consideration tween hydrogen, hydrogen chloride, and 


’ butanes during isomerization are pre- 
of wyeny refinery which seeks top perfo = sented. These show that exchange of 
ance and low operating cost. tritium in hydrogen chloride to butane is 


large compared to exchange of tritium 
in hydrogen to butane. 

It is believed that catalysis of 
butane isomerization with aluminum 
chloride involves the process of provid- 
ing a hydrogen atom, by means of 4 


complex such as HAICk, for entering 
the bonding sphere of a carbon atom 
thereby displacing a methyl group from 
its normal position. 


Specific Surface and Particle Size Dis- 
Co m b us ti ion C om p an y tribution of Various Silica-Alumina 
Gels. P. B. Elkin, C. G. Shull, and 
L. C. Roess, The Texas Company. 
Three series of silica-alumina gels 0 
various concentrations made by 
precipitation in sequence, (B) mixing 
wet gels, and (C) impregnation of pat- 
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COPPUS TURBINES 


Save Metal in Wartime — Will 
Save You Money in Peacetime 


Like all Coppus “Blue Ribbon’”’ 
Products (blowers, ventilators, gas 
burners, etc ), the Coppus steam tur- 
bine is a precision-made product .. . 
controlled by Johansson size blocks 
ey ...and every turbine is dynamo- 
"| meter-tested before shipment. More 
aaa) than 85% of all orders since 1937 
have been repeat orders. 


Write for Bulletin.135-9 


| COPPUS ENGINEERING CORPORATION 
f 619 Park Avenue, Worcester, Mass. 
Sales Offices in THOMAS’ REGISTER 
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For Purging — 
For Blanketing — 
For Processing — 


tions or requirements call for inert or protective atmospheres. 


Kemp Inert Gas Generators are available in capacities ranging 
from 1000 to 100,000 cubic feet per hour, may be furnished for 
semi-automatic or automatic operation. Safety features include 
electric ignition, safety pilot, soft heads, fire checks, and auto- 
matic shutdown in the event of 


(a) burner outage 

(b) cooling water failure, or 

(c) fuel gas supply failure. 
The inert atmosphere is delivered at a temperature of not more 
than 15°F. above the inlet temperature of cooling water with a 


corresponding dewpoint. When dryer gases are required, low 
dewpoints may be obtained by selection of suitable auxiliary 


drying equipment. 


Write for engineering data, recommendations, and quotations. 


Address The C. M. Kemp Mfg., Co., 405 East 
Oliver Street, Baltimore 2, Maryland. 





OTHER KEMP PRODUCTS 


Adsorptive Dryers for Air and Gas 

Atmos-Gas Generators for Special Atmospheres 

The Industrial Carburetor for premixing gases 
Immersion Heaters 

Submerged Combustion Burners 

A complete line of Industrial Burners, and Fire Checks 











Specify the Kemp Inert Gas Producer where processing condi- 








scattering, and x-ray diffraction. Specific 
surfaces were smaller for (A) and larger 
for (B) than those expected for mix- 
tures of the dried silica and alumina 
gels. Maxima in curves for specific sur- 
faces versus alumina content for (B) 
and (C) at about 5 wt percent correlated 
with minima in average particle size. No 
alumina was detected by x-ray diffrac- 
tion for gels containing as much as 26 
wt. percent alumina. 


Nitrogen Adsorption Isotherm Studies 
of a Supported Catalyst and its sup. 
port. The Effect of Sintering on Sur- 
face Area and Structure. Herman E, 
Ries, Jr., Robert A. VanNordstrand, 
and John W. Teter, Research and De- 
velopment Department, Sinclair Refin- 
ing Company, East Chicago, Indiana. 
Low-temperature nitrogen adsorption 

isotherms have been determined for the 

following materials after heat treatments 
at the indicated temperatures: a sup- 


ported catalyst, 340°, 400°, 500°, 600°, 


and 650°; the diatomaceous support, § 


340° and 650°; and the unsupported 
catalyst, 340°. Area values (340°) are 
respectively 119.8, 20.7, and 53.5 sq. m. per 
gram, The supported catalyst loses 5% 
of its area at 500°, 26% at 600°, and 75% 
at 650°. 

The area of this support is in fair 
agreement with that of a model based 
on electron microscope pictures. 

An adsorption-desorption isotherm 
determination (four days) on the sup- 
ported catalyst demonstrates hysteresis. 
The possible importance of pore orifice 
dimensions calculated from the desorp- 
tion curve is indicated. 

Va/Vm isotherms are discussed in re- 
lation to specificity of adsorption and 
pore size. 


The Surface of Solids. I. An Absolute 
Method for the Determination of the 
Area of a Finely Divided Crystalline 
Solid. II. A Vapor-Absorption Method 
for the Determination of the Area of 
a Solid Without the Assumption of a 
Molecular Area, and the Areas Occu- 
pied by Nitrogen and Other Mole- 
cules on the Surface of a Solid. Wil- 
liam D. Harkins and George Jura, 
University of Chicago. 

On account of the importance of cata- 
lysts in the petroleum industry it seems 
essential to determine their physical 
properties. Of the strictly physical prop- 
erties the area of the surface of a porous 
solid catalyst seems to be of the most 
fundamental significance, not only from 
the standpoint of the importance of the 
area itself, but in addition a knowledge 
of the area is necessary for the calcula- 
tion of other important physical prop- 
erties. The question arises as to what 
extent the area determined for a finely 
divided solid is a true or real area. If it 
is a real area, then the accuracy to 
which it is determined should be put to 
a rigorous test. The best method pre- 
viously used for obtaining a knowledge 
of the area is based upon the value ol 
the area occupied by the adsorbed mole- 
cules, and unfortunately this is not 
known, but must bé estimated on the 
basis of certain hypotheses. 

The writers have now developed (1) 
an absolute, accurate method for the de- 
termination of the area of a crystalline 
powder, and on the basis of this (2) a” 
adsorption method for the determination 
of the area of a porous or a non-porous 
solid. If log (p/po) is plotted against 
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tially dried silica gel were examined by 
nitrogen adsorption, small angle x-ray 
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4 By using General American Terminals, you can accumulate your liquid 


‘ow product at strategic, distributive centers for important markets—locally, 
ole- ; : ee ‘ , 
Wil. coast-wise, or foreign. You ship direct from these terminals via tank 


Jura, § car, ship, barge, or truck. You get General American’s skill in swift 
cata. § handling with full safety—and without investment or costly expense in 


vccal @ OPerating your own terminal. 
prop- 
— 6 Exclusive General American Advantages for You 
from 











f the ] RELIABLE CUSTODIANSHIP. 4 MODERN PROTECTION. Latest 
ledge Our warehouse receipts are high- safety appliances; lowest insurance 
cula- est type of collateral everywhere. _ rates; minimum evaporation 
prop- losses. 
— 2 SPEED with SAFETY. Day and 
Tf ‘ night crews eliminate delays. 5 LARGE TANK CAR FLEET. 
y to 
ut to 3 INDEPENDENT OWNERSHIP. 6 NO CONTAMINATION. Sepa- 
pre- Strict Privacy. We do not buy, rate pumps, lines, storage zones 
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“| GENERAL AMERICAN TANK STORAGE TERMINALS 
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NEWARK 
f° “ACCURACY 


We can think of numerous test operations 
where the precision of screening is fully as im- 
portant as accuracy in chemical or fire analysis. 
Test sieves are key equipment in the control 
laboratory. They should be the best obtainable. 
The strongest. The most durable. With the high- 
est maintained accuracy. 


What have NEWARK Testing Sieves to offer? 

Cornerless—with no crevices between cloth and 

frame to catch particles. All soldering outside— 

to facilitate cloth removal. Cloth attached di- 

rectly to the sieve frame—not to an extra rim— 
to. prevent distortion and 
maintain uniform taut- 
ness. Strongly built 
frames. 


These are useful char- 
acteristics of NEWARK 
Testing Sieves. 


NEWARK WIRE CLOTH COMPANY 


334 VERONA AVENUE NEWARK 4, N. J. 


9-NWC-6 











1/v’; where v is the volume (STP) g 
vapor adsorbed per gram, then from th 
slope (s) of the linear portion of the plo 
obtained with nitrogen, the area = in sq 
meters per gram is given, by 
== 4.06s” q 
if the vapor is that of nitrogen. Witlp 
other vapors, the value of the constang! 
is different. 


Carbon Formation in Catalytic Cractl 
ing. Alexis Voorhies, Jr., Esso Lab- ii 
oratories, Standard Oil Company of 
Louisiana, Baton Rouge. } 
In catalytic cracking, both fixed-bed 

and fluid, it has been found that there } 

an intrinsic uniformity in the way that 
the carbon deposit on the catalyst in 
creases with the length of time since the 
catalyst was last regenerated. For af 
the data examined, the amount of car 
bon deposited on the catalyst at given 
conditions is, within limits, independent 
of the hydrocarbon feed rate. From this 
study, correlations have been derived 
that define mathematically the interde 
pendence between feed stock conversion, 
feed rate, and length of period between 
catalyst regenerations. ; 
A speculative hypothesis is advanced 
as a possible explanation of the mechas 
nism of carbon formation. d 


The Fluidized Fixed Bed. A Method for 
Contacting Solids with Gases and 
Vapors. Charles L. Thomas and James, 
Hoekstra, Universal Oil Prodva® ‘i 
Company. 

The passage of gases or vapors up 
ward (counter to gravity) at controlled. 
rates through a mass of powdered solid % 
produces the “fluidized fixed bed.” The 
passage of the gas or vapor causes the: 
powdered solid to become mobile so 
that it moves about, resembling an agit 
tated liquid. The particle size of the 
powder is regulated so that little of it is 
carried out of the reaction zone with the 
gas or vapor. 

The fluidized fixed bed is particularly 
adapted to catalytic reactions in whicha 
reaction occurs that is accompanied by 
large heats of reaction. The movement 
of the powdered solid tends to prevent 
the formation of localized high tempera- 
ture zones “hot spots.” 4 

Examples are given showing the ap 


| plication of the fluidized fixed bed to 


the catalytic cracking of gas oil and a) 
hydrogen transfer treatment of an une | 


| saturated gasoline. 2 


Polymerization of Ethylene. V. N 
Ipatieff and V. Haensel, Universal Of 
Products Company. 

The polymerization of ethylene at cle | 


‘ vated temperatures and pressures has 


been investigated using a flow meth 
The ensuing reactions were dependent 
upon the contacting material, pressure, | 
and temperature. An empty chromium- 
molybdenum steel tube produces cof- 
siderable carbon formation and pro 
motes the production of paraffin hydro 
carbons in the lower boiling fractions 0 
the liquid product. The presence of 
metal chips having the same composi- 
tion as the reaction tube enhances the 
carbon formation still further. 

When porcelain or quartz chips were 
used as fillers, the reaction of true 
polymerization and depolymerization 
predominated. This was especially ev'- 
dent at lower pressures, that is, 30 to 
atmospheres. The liquid product showed 
the same olefinic character as the C:—\ 
fraction. % 

In the presence of an active silica 
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Safety breeds contentment .. . Safety 
to workers means confidence against dangerous slip- 
ping accidents... added satisfaction and increased output. “A. W.” Rolled 
Steel Floor Plate provides easy, comfortable traction underfoot. Eliminates 
maintenance expense on floors that must withstand punishing hours of wear. 
Illustrated is the “A.W.” Super-Diamond Pattern which resists slipping in any 
direction. Pattern is uniform and can be readily matched. Write for folder. 
Other products include Plates, Sheets, Billets, Blooms, Slabs—Carbon, Copper or Alloy analyses. 





ALAN WOOD STEEL COMPANY 


MAIN OFFICE AND MILLS: CONSHOHOCKEN, PENNSYLVANIA : SINCE 1826. District Offices and Representatives: 
Philadelphia, New York, Boston, Atlanta, Buffalo, Chicago, Cincinnati, Cleveland, Denver, Detroit, Houston, 
St. Paul, New Orleans, Pittsburgh, Roanoke, Sanford, N.C., St. Louis, Los Angeles, San Francisco, Seattle, Montreal. 


alumina-zirconia catalyst, the reactions 
of hydrogen transfer became more pro- 
nounced. This led to a more saturated 
liquid product and a higher yield of high 
boiling residue. The hydrogen transfer 
reaction was the predominant reaction 
at higher temperatures (530°C.) and 
only a small part of the product retains 
an olefinic character. 


Reactions of Hydrocarbons in the Pres- 
ence of Cracking Catalysts. V. The 
Polymerization of Gaseous Olefins, 
Charles L. Thomas, Universal Oil 
Products Company. 

Synthetic cracking catalysts polymer- 
ize propylene and the butylenes. The 
butylenes polymerize at 165° C. and 45 
kg./sq. cm. pressure. Propylene poly- 
merizes at 250° to 300° C. and 50 kg/ 
sq. cm, Under the conditions studied. 

1. Silica xerogel, alumina, or zirconia 
are not polymerization catalysts. 

2. Silica-alumina, silica-zirconia, silica- 
alumina-zirconia, and silica-alumina- 
thoria composites are catalysts. 

During use the catalysts become 
coated with a carbonaceous deposit that 
lowers the catalyst activity. Removal of 
this deposit by combustion with air re- 
generates the catalyst. 


AREA OF hg The polymers are liquids, most of 
LEAK which boil within the gasoline range. 
: The hydrogenated butylene polymer has 


Number of Total cost Pounds wasted | Total cost | Gallons wasted Total cost oe 
cubic feet per of waste per | per month of waste per per month of waste per |) an octane number of 95. 
month ot 75 | month 11¢ per at 160 Ib. month 65¢ at 60 Ib. month 16¢ per [7s 


Ib. pressure 1000 cubic feet pressure per 1000 Ib. pressure 1000 gallons . . Catalytic Jeomerization of 1-Hexene. 
1/2” | 13,468,000 | $1,481.44 | 1,219, 53 | 1,524, 43. Russell G. Hay and C. W. Montgom- 
219,280 | $792.53 | 1,524,100 | $243.86 ery, Gulf Research & Development 
3/8 7,558,500 684,290 | 444.79| 855,360| 136.86 | Company, and James Coull, Chemical 
ae Engineering Department, University 

304,820 | 198.13 381,020 60.96 _ of Pittebutab. 
74,650 | 48.52 | ae The skeletal isomerization of 1-hexene 
1/16" | " was investigated in the temperature 
|__ 213,000) _ 19,280 12.53 oe range 285° to 500° C. and the effects of 


various catalysts and changing space ve- 
, —— i locity at comparable temperatures were 
. ce ee. studied. The products were chiefly 














methylpentenes with lesser amounts of 

~ aliable on request. dimethylbutenes. Lower boiling and 

~ ae Bg higher boiling olefins were also formed 
‘ Np eo in minor proportions. 

The evidence obtained indicated that 

the 2-methylpentenes were primary 

isomerization products while the di- 

methylbutenes were secondary products. 

At 0.6 hr.’ space velocity the greatest 

amount of isomerization occurred at 

300° to 350° C. Below this temperature, 

the reaction rate decreased with decreas- 

ing temperature, and at higher tempera- 

tures the equilibria apparently became 

less favorable for the branched hexenes. 


The Commercial Isomerization of Light 
Paraffins. B. L. Evering, N. Fragen, 
and G. S. Weems, Standard Oil Com- 
pany (Indiana), Whiting, Indiana. 
Five commercial plants are described 

in which normal butane, normal pentane, 
and normal and less highly branched 
hexanes are converted to iso-compounds 
for aviation gasoline manufacture. Feed 
stock mixed with anhydrous HCl 1s 
passed upward in small liquid drops 
through a liquid aluminum chloride- 
hydrocarbon complex catalyst. Fairly 
pure neohexane can be made by frac- 
tionation and recycling the remaining 
hexanes. Hexanes and pentanes may be 
isomerized together. Very high liquid 
yields are obtained. 


Catalysis in Synthetic Liquid Fuel Proc- 
esses. H. H. Storch, U. S. Bureau of 
Mines, Pittsburgh. 

_ A review is presented of the develop- 
ment of catalysts for the hydrogenation 
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HEAT TRANSFER EQUIPMENT 


FOR THE PETROLEUM INDUSTRY 


¢ 


With the Petroleum Industry expand- 


ing as never before, the need for sound- 
ly designed heat exchangers has never 
been greater. Whitlock Engineering 
Design is comprehensive and sound, 
thermally and mechanically : Whit- 
lock Heat Exchangers are built com- 
pletely in one factory — under ex- 
perienced supervision and inspection, 
with adequate facilities for forming, 


Bring 
Wee WHITLOCK MANUFACTURING 


ork, Boston, 


Branch Offices: New Y 
Whitlock Equipment (Whitlock-Darling 


in Canada by Darlin 


Re) ned: a Hip 
seg ET ae BRR EEE GR TER gl eS j 


Septemb 
er, 1944—A Gulf Publishing Company Publicati 
on 


your Heat Exchanger problem t 


Chicago, Philadelphia, 
) is manufactured 


g Brothers, Ltd., Montreal. 


welding, machining and assembling, 
X-ray examining an 


stress relieving, 
pressure testing up to 10,000 pounds. 


Shown above are typical Whitlock 
Heat Exchangers with one-piece forged 
steel channels for high pressure opera- 
tion. Like all Whitlock units, they are 
especially engineered and built for the 


job they are to do. 
9 Whitlock! 


co. 75 South St., Elmwood, Hartford 1, Conn. 


Detroit, Richmond 
Our new booklet | 
"Care and Handling 
of Heat Exchangers” 
is now ready. 


Ask siecle your copy. 
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of carbon ‘monoxide to yield alcohols 
and hydrocarbons. The development of 
the Fischer-Tropsch process for the. 
synthesis of hydrocarbons from hydro- 
gen and carbon monoxide has yielded 
sufficient data so that the essential out- 
lines of the reaction mechanism can be 
distinguished. This reaction is appar-; 
ently of first order with respect to 
2H:+1CO but is greatly complicated” 
by at least two types of retardation by? 
the reaction products. Data are reviewed” 
on effect of partial pressure of the re-7 
actants and the products, of tempera-| 


ture, of pretreatment or conditioning of ¥ 


the catalyst surfaces, and of the poison- 
ing action of sulfur and resin-forming | 
compounds. 


The development of high-pressure ¥ 
processes for the hydrogenolysis of coal © 


and oil has involved an intensive search 


for suitable catalysts. In the primary or — 


liquid-phase stage of coal hydrogena- 
tion the maintenance by catalytic hydro- 
genation of a high concentration of hydro- 
gen carriers is important. These carriers 
are hydroaromatic compounds such as 
tetrahydronaphthalene and dihydroan- 
thracene that readily yield their hydro- 
gen to the unsaturated compounds 
resulting from the normal decomposi- 
tion of the coal. Disproportionation re- 
actions that yield aromatics and more 
saturated naphthenic compounds also 
occur. The best catalysts for liquid- 
phase coal hydrogenation are reactive 
compounds of tin, molybdenum, or 
tungsten. About 0.1 to 0.5 percent of 
such a catalyst is added in finely divided 
form to the coal-oil slurry pumped into 
the high-pressure converters. It is also 
desirable to add 0.5 to 0.8 percent of a 
volatile chlorine compound which acts 
as a “splitting” catalyst, accelerating the 
reduction in molecular weight of the pri- 
mary products. The rates of primary 
coal liquefaction and of oxygen elimina- 
tion are influenced only to a minor ex- 
tent by the presence of catalysts. Hydro- 
gen at high pressures and catalysts are 
essential for the maintenance of a high 
concentration of hydrogen carriers. The 
desirability of high-pressure hydrogen 
is of kinetic and not of thermodynamic 
nature. 


The art of hydrogenolysis of “gas oil” 
from coal hydrogenation middle oils or 
from petroleum is in a highly developed 
state. Catalysts have been found _ that 
convert gas oil to a high octane, high 
rich mixture performance gasoline. 
These catalysts are used as a body of 
pellets through which are passed the oil 
vapors plus a large excess of hydrogen 
at 200 to 300 atmospheres pressure plus 
hydrogen sulfide at about 0.5 atmos- 
phere pressure. The desirability of high- 
pressure hydrogen is largely of kinetic 
nature. Very little, if any, of the hydro- 
gen used appears in the liquid product; 
most of it is consumed in the production 
of normally gaseous hydrocarbons. The 
function of the hydrogen sulfide appears 
to be to prevent reduction of the tung- 
sten or molybdenum disulfides used as 
catalysts. It is probable, however, that 
this explanation is incomplete. Little 1s 
known about the kinetics of oil hydro- 
genolysis. The reactions are essentially 
oriented dealkylations and splitting re- 
actions, cyclizations, and isomerizations. 
A possible function of the large excess 
of hydrogen used is to prevent poly- 
merization . reactions whose products 
would foul the catalyst surfaces. The 
high iso- to normal butane ratio in the 

aseous products of catalytie cracking 
fra of hydrogenolysis of gas oils must 
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be explained by any proposed mecha- 
nism of the splitting reaction. 


Production of Isoparaffin Hydrocarbons 
by Cracking of Petroleum Fractions 
in the Presence of Aluminum Chlo. 
ride. V. I. Komarewsky and Lee 
Warson, Department of Chemical En- 
gineering, Illinois Institute of Tech- 
nology. 

The cracking of gas oils, naphthas, and 
selected fractions of straight-run prod- 
ucts was studied under various condi- 
tions of temperature, pressure, and re- 
action time in the presence of aluminum 
chloride and hydrogen chloride, The 
main results obtained in the course of 
this work were: A. The gasoline ob- 
tained as the result of aluminum chloride 
cracking of straight-run distillates yields 
an 80-octane product with good tetra- 
ethyl lead susceptibility. B. The prod- 
ucts were composed mainly of iso- 
paraffin hydrocarbons. C. Similar pro- 
ucts were obtained from charging stocks 
of various origin. D. The cracking re- 
action could be directed, so that a 
product with desired end point would 
result. E. Isobutane (34% by volume) 
and isopentane (29% by volume) was 
obtained based upon the charges. F. The 
mechanism of the reactions was dis- 
cussed 













































TO THE TUBE EXPANSION AND ROLLI 


Airetool Engineers have developed their tube 
expanders to keep abreast of the exacting 
requirements of modern refinery technology. 
For all tube expansion and rolling problems, 
Airetool has a complete line of Expanders 
for tubes 44” to 12” |.D.; straight or curved. 
All Airetool products are constructed from 
the finest alloy steels and are fashioned by 
skilled workmen for long life. 





There's a size and design to meet every tube 
expansion and rolling need. Write Dept. R. 
today for complete information. 


Pilot-Plant Development of the Fluid 
Catalytic Cracking Process. L. FE. 
Carlsmith and F. B. Johnson, Esso 
Laboratories, Standard Oil Company 
of Louisiana, Baton Rouge. 

The fluid catalyst cracking process, 
now extensively used nationwide, was 
developed by intensive pilot-plant work 
to signally successful commercial usage. 
The pilot-plant equipment used in this 
development comprised a _ variety of 
sizes from small laboratory units to a 
semiplant-scale unit of nominal 100 
B/D feed capacity. The 100 B/D plant 
located at Baton Rouge was relied on 
for the major part of the process data 
and engineering and equipment studies 
required for the commercial designs. A 
description of this unit and of a smaller 
unit of 2 B/D capacity also located at 
Baton Rouge is given. The various engi- 
neering studies made are discussed and 
type of results obtained indicated. 

The original 100 B/D plant, which 
was used to pilot the first model of the 
commercial units, was later modified to 
a simpler design which has been in- 
corporated in the later model full-scale 
|. plants. The results obtained on both de- 
signs have been translated to the com- 
mercial scale with singular accuracy. 





AIRETOOL TUBE CLEANERS 


with the 28% more powerful motor and 
new form cutters, are available in sizes 
Ya" to 24” 1.D. for straight or bent tubes, 
and in a variety of combinations to meet 
every tube cleaning problem. Write for 
details. 


AIRET| 


TUBE EXPA 


Catalytic Cracking of Cuts from Coastal 
Crude Oil. D. B. Ardern, R. H. New- 
ton, and G. L. Barcus, Catalytic De- 
velopment Corporation. 

To obtain basic data on the chemistry 
of catalytic cracking, four narrow boil- 
ing cuts of ——s crude oil ‘goer 

. ; A.S.T.M. mid boilin oints o 1 ir 

Everyone using Expanders should have a copy. It’s packed with 406°, 543°, and 687° F. were cracked 





Have You Your Copy of ay | 
Airetool’s New Expander Book ? 


useful information and technical data. Write Dept. R; it’s free. over Houdry synthetic silica-alumina 
catalyst at conditions of temperature 


(650-900° F.) and space velocity (0-2-2.0) 
chosen to obtain variation in the severity 
of cracking. Dependent variables, pres- | 






Vacs MANUFACTURING £4 
COMPANY sure and catalyst activity, were con- 
trolled to give catalyst deposits equiva- 


lent to those obtained in plant opera- 


Airetool & Yost-Superior Factory Bidgs. tion. 
The composition of the cracked prod- 
SPRINGFIELD, OHIO ucts was found to vary regularly with 


the severity of cracking. The greater 
the severity the greater was the concen- 
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Close-up view shows alignment 
of the studs on the tubes. The 
uniformity of the weld gives 
satisfactory results anda strong, 
easily accomplished job. 




















































LAGGING MAGNESIA BLOCKS 








The Nelson Lagging Stud has been especially 
developed for securing magnesia blocks to 
heat exchangers, storage bins, tanks, etc. 
Rapidly welded into position they hold the 
blocks securely to the metal. Plastered over, 
the heads act as reinforcing. To save both time 
and material in this important operation use 
the Nelson Lagging Stud. Write today for 
com plete information to: 


NELSON SPECIALTY 
WELDING EQUIPMENT CORP. 


Dept. 43, 440 Peralta Avenue, San Leandro, Calif. 


Eastern Representative: Camden Sind Welding Corp. 
Dept. 122, 1416 South Sixth St., Camden, N. J. 

























The studs are welded in rows to the tower. Wire is run 
through the slots and left slack. The magnesia blocks 
are slipped under into position and the wire tightened 
down to secure them. The entire unit is then covered 
with plaster to complete the work. ig 
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tration of aromatics in the cracked prod- 
uct. Indication was obtained that the 
maximum concentration of cracked 
naphthenes will occur at moderate crack- 
ing severity. The summation of moles of 
ring compounds decreased as severity 
increased, indicating a destruction of 
ring compounds and no net increase in 
ring compounds formed from chain ma- 
terial. The increase in aromatics was 
always less than the decrease in naph- 
thenes.. Only about 40% of the naph- 
thenes destroyed appeared as aromatics. 
However, the production of hydrogen 
was much less than would correspond to 
simple dehydrogenation of naphthenes 
to aromatics. 

At conditions of reasonably constant 
severity, the total production of olefins 
increased with increasing boiling range, 
while total isoparaffin production de- 
creased. Both trends were most evident 
in the lighter boiling compounds. The 
ratio of iso to normal saturated hydro- 
carbons did not appear to vary ap- 
preciably with charging stock or crack- 
ing conditions. In the lower boiling 
aromatics produced, the weight ratio 
of benzene : toluene : xylene averaged 
1:6:16 although varying somewhat with 
conditions. 


Determination of Aromatics, Naph- 
thenes, and Paraffins by Refractome- 
tric Methods. R. M. Gooding, N. G. 
Adams, H. T. Rall, and H. M. Smith, 
U. S. Bureau of Mines,. Bartlesville. 
Methods are described for analyzing 

hydrocarbon mixtures up to 320° F. for 

their content of paraffins, naphthenes, 

and aromatics. In the range to 243° F. 

most of the individual hydrocarbons can 

also be estimated. The first step in the 
analysis is the fractionation of the sam- 


ples into narrow-boiling-range fractions 
usually of 1° C. or less. Densities and 
refractive indices for the sodium D and 
mercury g lines are determined at 20° 
C. for each fraction. Using modified 
Kurtz and Headington refractivity inter- 
cept-density charts for boiling intervals 
of about 10° C. the naphthenes and par- 
affins can be determined. The aromatics 
at present are preferably determined by 
specific dispersion methods, but with 
some loss in accuracy the same refrac- 
tivity intercept-density charts may be 
used. The development of these charts 
from both experimental and literature 
data is discussed and illustrated. 


Determination of Aromatics in Light 
Petroleum Distillates by the Use of 
Specific Dispersions Between the 
Sodium D Lire and the Mercury g 
‘Line. H. M. Thorne, Walter Murphy, 
and John S. Ball, U. S. Bureau of 
Mines, Petroleum Experiment Station, 
Laramie. 

The aromatic content of a hydrocar- 
bon mixture in the gasoline boiling 
range containing no olefins or diolefins 
may be determined from the refractive 
indexes for the mercury g and the 
sodium D lines, and from the density, 
all determined at 20° C. The specific 
dispersion of the mixture is calculated 
by the equation: z 

S — ng —np” . (" 
qi x 10 

The percent aromatics in the mixture 

may then be obtained from the equa- 


tion: 
: S, — 122.4 
W= x 100 + C 
S.— 122.4 
Where W is the weight percent of 
aromatics in the sample, S, is oe spe- 
cific dispersion of the sample, Sa is the 





specific dispersion of the aromatic be- 
ing determined, 122.4 is the average 
specific dispersion of paraffins and naph- 
thenes, and C is the correction to com- 
pensate for the deviation of the percent 
aromatics-specific dispersion from a 
straight-line relationship. The values of 
specific dispersion for the several aro- 
matics are: benzene, 248.4; toluene, 
241.4; ethylbenzene, 228.1; o-xylene, 
234.8; m-xylene, 237.1; p-xylene, 238.2. 
and isopropylbenzene, 215.8. 


Determination of Basic Nitrogen in Hy- 
drocarbon Feed Stocks. Leon Donn 
and Harry Levin, The Texas Com- 
pany, Beacon, New York. 

Because basic nitrogen compounds 
in hydrocarbon feed stocks, though pres- 
ent in extremely low concentrations, are 
of great importance in refinery opéra- 
tions, it is necessary to have a method 
for determining these compounds so 
their concentration can be measured 
and controlled. 

The obvious methods are unsuitable 
because of the peculiar prob!ems pre- 
sented by the nature of the sample, prin- 
cipally that of collecting the base in 
aqueous media. 

The proposed method consists of 
treating liquefied sample with substan- 
tially nonaqueous standard acid, which 
neutralizes and fixes the basic nitrogen 
compounds, evaporating the hydrocar- 
bon gases and titrating the excess acid. 


A Method of Determining Carbon in 
Catalyst Deposits. James Hoekstra, 
Universal Oil Products Company. 
In many catalytic reactions of hydro- 

carbons at elevated temperatures, the 

catalyst accumulates a carbonaceous 
deposit which is removed by oxidation 








FLLER PLUS 


FRLER PLUG 


WATER JACKET 


— 


MURRAY VERTICAL TURBINES 


To drive vertical shaft pumps MURRAY can furnish 
either direct-connected or geared turbines for 
steam conditions up to 600 pounds initial pressure, 
750 degrees F. total temperature and 50 pounds 
back pressure, and for ratings up to 200 HP. 


Following the same quality construction furnished 
on horizontal turbines, standard equipment in- 
cludes mechanical constant speed governor on the 
main shaft, bolt type emergency overspeed gov- 
ernor, carbon ring glands, babbitt lined sleeve 
i type bearings pressure lubricated, and ball type 
by thrust bearing arranged to carry up and down 


thrust. . 


























CROSS SECTION - VERTICAL TYPE “C” 


Z BOILERS 


Branch Offices in all principal cities 


MURRAY also builds: 


SINGLE AND MULTISTAGE HORIZONTAL TURBINES 
TURBINE GENERATOR SETS UP TO 2500 KW 
¥ REDUCTION GEARS 








MURRAY IRON WORKS COMPANY 











RUD GR ich gel, F 
BUILDERS OF STEAM POWER EQUIPMENT FOR 


IOWA 


THREE QUARTERS OF A CENTURY 
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SODIUM METHYLATE 


A NEW AND USEFUL REAGENT 


PREPARATION 
BY CONSUMER 
‘NO LONGER ESSENTIAL 


Until the recent development of dry 
Sodium Methylate by Mathieson, 
this useful reagent had to be pre- 
pared by the consumer from metallic 
sodium and methanol—a slow and 
hazardous operation. 

Moreover,the“home-made” prod- 
uct—a dilute solution of sodium 
methylate in methanol—did not per- 
mit the close control so necessary 
to efficient operation and high yields 
in organic syntheses. 

Mathieson Sodium Methylate .. . 
a white crystalline powder over 95% 


pure * has made possible some 
spectacular developments in the 
manufacture of sulfa drugs, vitamins, 
dyes, perfumes and other important 
products. 

According to the conditions to 
be met, the consumer may either use 
dry sodium methylate to supply his 
entire requirements or employ the 
new dry reagent to build up the con- 
centration of the dilute methylate 
solutions prepared in his own plant. 

Just how this versatile new reagent 
might fit into your processing pic- 
ture we don’t know, but we do be- 
lieve it may pay you to consider its 
possibilities. 

Our technical staff is at your serv- 
ice without obligation. Write for 
full information. 


athieson 


THE MATHIESON ALKALI WORKS (INC.) 60 EAST 42nd STREET, NEW YOR 6417 


SODIUM. METHYLATE. . SODA ASH. . CAUSTIC SODA: ; BICARBONATE OF SODA. . LIQUID CHLORINE. . BLEACHING 


AMMONIA, ANHYDROUS & AQUA . . FUSED.ALKALI PRODUCTS... SYNTHETIC SALT CAKE.. DRY ICE... CARBONIC GAS... 5 
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Although industrial piping is in- 
finite in its variations, nevertheless, 
rare indeed is a fabrication such 
as pictured here: A 60-foot header 
scheduled for use in a line run- 
ning 5000 Ibs. operating pressure. 
Strictly a high pressure job requir- 
ing extremely well planned weld- 
ing procedure including the use 
of pre-heating, stress-relieving 
equipment. | 

More and more fabrications of 
unusual character and requiring 
exceptional abilities in welding 
and the use of modern equipment 
are finding their way into Associ- 
ated shops. Why is this? 

How we handle the first and 
subsequent jobs you give us will 
give you the answer. 


ASSOCIATED PIPING & ENGINEERING CO., Inc. 
2332 East 38th Street « Los Angeles 11, California 












































in a stream of air. Determining carbon 
in the deposit on a catalyst which is to 


- be regenerated in situ involves sampling 
a gas stream of varying rate and com- 
position. In the method described the 


sampling is accomplished automatically 
by means of a series of capillary tubes, 
and carbon in the sample is determined 
by oxidation of carbon monoxide to 
carbon dioxide which is absorbed in 


Ascarite. The accuracy of the method. 


is shown by a comparison of the results 
with those obtained by Orsat analysis 
of samples collected manually. 


Determination of Tetraethyllead in Gas- 
oline. Versatile Direct Evaporation 
Methods. Louis Lykken, R. S. Trese- 
der, F. D. Tuemmler, and Victor 
Zahn, Shell Development Company, 
Emeryville, California. 

Two methods of analysis involving 
direct evaporation of sample with de- 
composition agent are described that 
allow accurate quantitative analysis of 
lead in all types of gasoline, special 
motor fuel blends, and tetraethyllead 
fluid, regardless of the chemical con- 
stituents present. These methods, which 
require no elaborate apparatus, are the 
result of a systematic review and in- 
vestigation of existing methods for the 
decomposition of tetraethyllead in gaso- 
line and for the determination of lead 
in soluble inorganic residues. The pro- 
posed methods convert the tetraethyl- 
lead to inorganic lead by mixing with 
cold hydrochloric acid or iodine, evap- 
orating the resulting mixture to dryness, 
and removing the organic matter by oxi- 
dation with nitric, perchloric, or sulfuric 
acids, depending on the nature of the 
decomposition used. The lead in the in- 
organic residue is determined by precipi- 
tating with a measured amount of di- 
chromate solution and determining the 
excess dichromate by iodometric titra- 
tion. For commercial gasolines, the re- 
producibility (different operators) of 
the methods is within 0.02 ml. of tetra- 
ethyllead per gallon; for commercial 
tetraethyllead fluids, it is 0.4 percent lead 
or better. 


The Determination of Metals in Lubri- 
cating Oils. K. R. Fitzsimmons, Louis 
Lykken, and Garrard Wyld, Shell 
Development Company, Emeryville, 
California. 

Detailed procedures are given for the 
determination ‘of lead, copper, cadmium, 
barium, tin, silica, zinc, iron, aluminum, 
calcium, magnesium, and alkali metals 
in new or used lubricating oils without 
interference from other elements such 
as sulfur, phosphorus, and chlorine. In 
the general procedure for all elements 
except lead, the oil is ashed by ignition 
in air, the ash is treated with acid, and 
copper, cadmium, tin, silica, and barium 
are obtained in the residue after adding 
hydrogen sulfide and sulfate ion. Iron, 
aluminum, and zinc are separated from 
the remaining ions as hydroxyquino- 
lates. For the principal metals, the gen- 
eral method is accurate to +5 percent 
of the amount present. In the simplified, 
direct method, the oil is oxidized with 
nitric and sulfuric acids, and the lead 
is determined as lead sulfate after re- 
moving interfering elements; iron ant 
copper are’ determined colorimetrically 
either on the ash or on the residue ob- 
tained, after. oxidation with nitric an¢ 
sulfuric acids. The direct method 's 
accurate’ to +0.01 percent lead and 
+£0.001 percent iron and copper, regafte 
less of the other elements present. Data 
are given on the application of the 
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THROUGH its long experience in the designing 
and construction of heat transfer equipment, the 
Ingersoll-Rand Company has been a consistent 
user of Anaconda Tubes and Tube Sheets. 

Illustrated here are condensers for marine 
service, for an industrial plant and for a public 
utility, each presenting an individual problem, 
not only in design and manufacture but in tube 
specification as well. 


The wide variety of available copper alloys, 
ten standard and several special alloys, the engi- 
neeting experience and research facilities that 
have been of assistance to Ingersoll-Rand and to 
so many other manufacturers and users of heat 
transfer equipment, are at your service. Publica- 
tion B-2 lists Anaconda Condenser Tube Alloys, 
compositions and fields of applications. We'll 
be glad to send you a copy. eats 


ic and 
10d 1s 
{ and 
egard- 
. Data 
»f the 


"2" Anaconda Condentere lidbes 


THE AMERICAN BRASS COMPANY-—Genera! Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company —In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont. 
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HA, “Organic Vapor Condenser With Separating Type Lower Head” 


Exchangers... 


THINK OF DOWNINGTOWN 


Recall the fact of Downingtown’s specialized knowledge of design and fabrication . . . reflect 
upon Downingtown’s ability to specify the correct materials .... and to select the proper 
methods of procedure for handling them. 

Wide experience in the manufacture of Heat Exchangers . . . complete, modern, plant 
facilities . . . assure you of good service and guarantee a safe and enduring finished job, 
delivering reliable performance over a long period of time. 

Our engineering consultation is at your disposal. 





Over 70% of | MUU RUE LN 
Downingtown’s DOWNINGTOWN, PA. 
1942-43 Business HEAT EXCHANGERS 
was repeat orders 


























































































Many vital products of the chemical and 
by-product Coke industries are ordinarily 
lost in processing. Be consistent with 
those aiding the national emergency by 
using Hicks reclamation stills to prevent 
these wastes. 


Write for further information. 


S. D. Hicke & SON CO., — 


ESTABLISHED 1841 


PROCESS DIV. .. 51 E. 42 ST., N. Y¥. C. Phone: MU. 2-5132 
PLANTS + HYDE PARK, MASS. + E, BOSTON, MASS. 














method to synthetic oil samples and in. 
organic solutions. 


Method for Determining the Viscos 
Gravity Constant of Petroleum 
From Their Viscosities at 130° F. 
T., A. Petry, Socony-Vacuum Qjj 
Company. 

The viscosity gravity constant is an 
arbitrary index developed by Hill and 


Coats [J. B. Hill and H. B. Coats, Ind, 


Eng. Chem., 20 641-4 (1928)] for dif. 
ferentiating between petroleum lubricat- 
ing oil fractions of various degrees of 
paraffinicity. The. constant is calculated 
from the API or specific gravity of the 
oil at 60° F. and its Saybolt Universal 
viscosity at 100° or 210° F. The present 
study has been made in order to extend 
the usefulness of the V.G.C. by per. 
mitting calculations of the constant from 
Saybolt Universal viscosities measured 
at 130° F. 

The method employed for deriving 
the V.G.C. for 130° F. viscosity measure- 
ments was similar to that employed by 
the original inventors. The resulting 
relationship is presented in nomograph 
form. 


Critical Solution Temperatures of Sol- 
vents with Cyclic Hydrocarbons. Al- 
fred W. Francis, Socony-Vacuum Oj 
Company, Paulsboro, New Jersey. 
Critical solution temperatures are re- 

ported for sixty organic solvents each 

with one or several of thirty-five aro- 
matic hydrocarbons and three naph- 
thenes. For each solvent the points 
agree approximately with a smooth 
function of the total number of paraf- 
finic carbgn atoms in the side chains 
of the hydrocarbons. The temperatures 
are nearly the same for corresponding 
derivatives of benzene and naphthalene, 
so that they may be used to estimate 
the paraffinicity. Moreover, in the case 
of alkylbenzenes the temperatures are 
nearly parallel with the boiling points 
of the hydrocarbons. : 
The effects of substituent groufs in 
the solvents upon miscibility are esti- 
mated. The hydroxyl, amino, and car- 
boxyl radicals raise the temperatures 
roughly 200° C. or more, and the nitro 
group about 150° C. Other radicals 


| have much less effect. 


Selectivities of solvents for aromatic 
hydrocarbons with respect to paraffins 
are about six times as great as those 
for naphthenes. 


| The Discovery and Determination of 


Neopentane in Refinery Butanes by 
Infrared Spectroscopy. L. C. Jones, 
Jr. R. A. Friedel, and G. P. Hinds, 
Jr., Houston Refinery Research Lab- 
oratory, Shell Oil Company, Houston. 
Qualitative study of a refinery butane 
stream by infrared spectroscopy has 


| established the presence of a_ small 


amount of neopentane, although this 
hydrocarbon has seldom been reported. 
Quantitative determinations show that 
neopentane occurs in many straight-run 
butane streams and also in the proper 
fractions of both East and West Texas 
crudes. 

The reference spectra upon which the 
qualitative analyses were based and 4 
quantitative method for the analysis 
of the system propane, n-butane, 180 
butane, neopentane, and isopentane afeé 
presented. 


The Three-Component System, Sulfur 
Dioxide, Benzene, and Cyclohexane. 
Wm. F. Seyer and J. E, R. Lawley, 
University of British Columbia. 
Liquid sulfur dioxide is used extel- 
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"| Armstrong Otters a New Insulation Construction 
ups in 

e esti- : 

d car- RMSTRONG has developed a new type of out all moisture. This insulation material is glass 
ratures low-temperature insulation construction in cellular form, with each tiny cell wholly iso- 
; dicals that combines Armstrong’s Corkboard with lated from the others. Hence, Foamglas is mois- 

Foamglas* and takes advantage of the best tureproof, vaporproof, and fireproof. 
omatic properties of both materials. This new construc- The new construction is easy to erect since 
— tion furnishes a positive, permanent seal against both materials are erected in accordance with 
infiltration of moisture and vapor—thus assuring standard specifications. Interior wall finishes are 

permanently high insulating efficiency. the same as for standard corkboard construction. 
ion = Since it is basically standard corkboard FOR COMPLETE INFORMATION about 
ae 7 construction, the new combination retains cork- the new combination construction—includin 
Jones, . . a ~ ° ° ° P A & 
Hinds. board’s natural moisture resistance and excep- engineering drawings and erection specifications 
1 Lab tionally low thermal conductivity. This assures —write today to Armstrong Cork Co., Ry 
fen high efficiency for heavy-duty work. Building Materials Division, 7509 Con- {, 
yy However, the outer shell is Foamglas—to seal cord Street, Lancaster, Pennsylvania. “Gy 
~ small 
“ ae *Reg. U.S. Pat. Off. Product Mfg. by Pittsburgh Corning Corp. 
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This man at the bench is not a Hero with 


medals and no glory awaits him when 





his job is done. 


Unseen and unsung, he is on the job every day, work- 
ing with hot glass, behind a fierce flame, with delicate 
fingers and skill, building one of the finest thermometers 


T 


for his country’s needs. 


In your Post War Plans, tempera- 
ture will play a major role and 
you can be certain of ultimate 
results in your manufacturing 
processes, IF you give serious 
thought NOW to using only 
GOOD Thermometers. 








PALMER Thermometers give you: PALMER 

1... Precision and guaranteed accuracy; MERCURY ACTUATED 

2... Sturdiness and long service; SUPERIOR RECORDING 
THERMOMETER 


3...A bright RED column, so easy to see with ‘Red- 
Reading-Mercury.”’ 





Clip this ad as a reminder. (Catalog on request) 
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sively as an extraction medium in the re. 
fining of petroleum oils. Numerous two- 
component systems have been studied, 
The present studies deal with the three. 
component svstem, sulfur dioxide, ben- 
zene, and cyclohexane. Sulfur dioxide 
and benzene, benzene and cyclohexane 
form completely miscible systems. Sul- 
fur dioxide and cyclohexane are only 
partially miscible below 13° C. 


Since sulfur dioxide has a much higher 
vapor pressure than the other two com- 
ponents, the “bulb method” was em- 
ployed. Seven solutions of benzene and 
cyclohexane were prepared. Weighed 
portions of these were introduced into 
glass bulbs to which were added definite 
quantities of sulfur dioxide. The freezing 
points and temperature of disappearance 
or reappearance of the two liquid phases 


_were noted. 


From the curves obtained, a three- 
dimensional three-component diagram 
was drawn. From this in turn, the iso- 
therm at —25°C. was constructed, A 
method was found for constructing the 
lines without actually measuring the 
composition of the two liquid phases. 


The Continuous Introduction of Small 
Amounts of Gases to Bench-Scale 
Units. Herman S. Bloch, Alfred E. 
Hoffman, Thaddeus J. Oleszko, and 
Joseph A. Chenicek, Universal Oil 
Products Company. 

Several methods are described for 
continuously introducing gases to bench- 
scale catalytic pressure units in amounts 
too small to be metered by conventional 
means. Of these methods, the most 
flexible is a system of capillary feeds 
whereby any number of gases may be 
supplied in such small quantities at 
independently controlled and_ variable 
rates. 


Production of Heptenes and Heptanes 
From Propylene and Butylenes. V. N. 
Ipatieff and R. E. Schaad, Universal 
Oil Products Company, Chicago. 
Mixed polymerization of approxi- 

mately equimolecular mixtures of propyl- 


| ene and isobutylene, in contact with solid 


phosphoric acid catalyst at 135° C. and 
45 atmospheres’ pressure yielded poly- 
mers containing 45 to 60 percent by 
volume of mixed heptenes and octenes, 
the latter consisting mainly of diiso- 
butylene. The heptenes were hydrogen- 
ated catalytically to heptanes of 89.4 to 
90.4 octane number, the latter value be- 
ing increased to 98.5 by the addition of 
1.0 cc. of tetraethyllead per gallon. The 
heptane fractions contained a high per- 
centage of 2,3-dimethylpentane as shown 
by physical constants and Raman spec- 
tra determinations. The heptane fraction 
also contained small amounts of 2,2- 
and 2,4-dimethylpentanes. 

In the presence of 50 percent butane, 
equimolecular mixtures of propylene 
and isobutylene were polymerized at 
135° C. and 45 atmospheres’ pressure In 
the presence of solid phosphoric acid 
catalyst to give approximately the same 
yields and types of polymers as were 
produced from the olefin mixture not 
diluted by butane. 

Polymers formed at 191° C. in the 
presence of solid phosphoric acid from 
mixtures of propylene and normal 
butylenes, present in the approximate 
molar proportions of 3:1, yielded hydro- 
genated. 150° C. end-point fractions ° 
56 to 62 octane numbers. These octane 
numbers were about the same as those 
obtained by hydrogenating propylene 
polymers of the same general boiling 
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---1TO MAKE YOUR VALVES 
SERVE YOU BETTER-LONGER 


This is the third of the series of charts developed by 
Reading - Pratt & Cady as a service to the valve users of 
the nation. Like the other tws—How To KNow VALVEs 
and How To SELEcT VALVES—this one, How To PRoTEcT 
Your VALVES, will serve as a reminder to experienced men 





and as invaluable information to new men in industry. It 
tells in pictures and simple, non-technical language how to 
avoid the mistakes that shorten the life of valves—how to 
get maximum service from them. 

For copies of this chart, address our offices in Reading, 
Pennsylvania. There’s no charge, of course. 
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MANUFACTURERS OF 
READING CAST STEEL VALVES AND FITTINGS « PRATT & CADY BRASS AND IRON VALVES 
D’ESTE VALVE AND ENGINEERING SPECIALTIES 


Reading, Pa., Atlanta, Boston, Chicago, Denver, Houston, Los Angeles, New York, Philadelphia, Pittsburgh, San Francisco 


















range produced at a polymerization 
catalyst temperature of 205° C. 


Effect of Side Reactions on Experi- 
mental Isomerization Equilibria. John 
R. Bates, Sun Oil Company. 

The kinetics of simple isomerization 
with accompanying side reactions have 
been worked out for the cases where 
an equilibrium or stationary state is 
reached. It is shown that the ratio of 
reactant to resultant reaches a constant 
value which may be different from the 
equilibrium constant calculated from 
the free energy of the reactant and re- 
sultant compounds which are isomers. 
Variation of this stationary state con- 
stant from the equilibrium constant is 
dependent tipon the extent and relative 
magnitudes of the side reactions which 
the reactant and resultant undergo. The 
results, although obviously not con- 
trary to thermodynamic principles, are 
contrary to the belief that if the same 
stationary state is reached in isomeriza- 
‘ tion when starting with both isomers 
as pure reactants this stationary state 
must necessarily represent the true 
thermodynamic equilibrium and, there- 
fore, could be used for a determination 
of the free energy change involved in 
going from one isomer to another. 


The Molecular Weights of Asphalts 
and Their Constituents. George W. 
Eckert and Bruce Weetman, The 
Texas Company, Beacon, New York. 
The molecular weight method based 

on the viscosity of dilute solutions was 

investigated for its applicability to as- 
phalts and their constituents. The two 
equations proposed by Staudinger for 

_calculating molecular weights from vis- 

cosities of solutions can be used for 

these materials. The constants in the 
equations were evaluated by using cry- 
oscopic molecular weights of oil and 
resin fractions ranging in molecular 
weight from 370 to 900. Viscosities of 
benzene solutions were determined at 
77° F. in a capillary viscometer. The 
viscosity method appears to be more 
satisfactory than the cryoscopic method 
for asphaltenes. The viscosity method 
gives lower molecular weights than the 
cryoscopic method for asphaltenes. 
Values of 700 to 1800 were obtained. 


Papertion and Physical Properties of 
Chlorinated Kerosene. Raymond M. 

Dean and Eugene Lieber, Standard 

Oil Company of New Jersey, Bayonne. 

The chlorination of petroleum hy- 
drocarbons and their utilization in the 
chemical arts are becoming increas- 
ingly important and have received con- 
siderable impetus in recent times. While 
both the physical and chemical proper- 
ties of the chlorinated products of the 
lower molecular weight fractions have 
been extensively studied and recorded 
in the literature, not’ much can be 
found for the heavier fractions of petro- 
leum. While lack of knowledge of the 
exact chemistry of chlorination of the 
higher petroleum fractions has not ex- 
actly impeded their present industrial 
applications, it is generally agreed that 
such data would very materially 
broaden their scope. On the other hand, 
lack of physical data does markedly 
impede progress in this field, since such 
data are needed for plant design and 
control of operation for the chlorina- 
tion procedure. There has been no 
Systematic study reported correlating 
the physical properties of chlorinated 
kerosene with degree of chlorination. 
It is the object of the present paper to 
resent such a study for a kerosene 
raction boiling between 348° and 525° 


164 


F.-and having a low aromatic content 
(high “furfural miscibility tempera- 
ture”) and chlorinated from to 60 
percent chlorine content in steps of ap- 
proximately 5 percent. The measure- 
ments comprise: elementary analysis, 
refractive index, surface, furfural point, 
kinimatic viscosity, solid points, specific 
gravity, flash and fire, and molecular 
weights. These data are correlated with 
the degree of chlorination and the 
average molecular compositions ob- 
tained. A number of derived values are 
presented comprising molecular refrac- 
tion, molecular volume, and Parachor. 
These are correlated against atomic 
chlorine contents of the chlorinated 
products. 


Fischer-Tropsch Synthesis and The 
Gas Industry. V. I. Komarewsky and 
C. H. Riesz, Institute of Gas Tech- 
nology, Chicago. 

The Fischer-Tropsch process is of 
great potential value to the entire gas 
industry because it offers the possi- 
bility of converting off-peak gas pro- 
duction to valuable products. In 1923 
Fischer and Tropsch showed that mix- 
tures of carbon monoxide and hydro- 
gen could be converted to oxygen-con- 
taining compounds, including aliphatic 
alcohols, aldehydes, ketones, acids, and 
esters. In 1926 Fischer and Tropsch de- 
veloped the Kogasin synthesis for the 
production of gasoline. Later develop- 
ments were the “middle-pressure” syn- 
thesis (1936), high melting wax syn- 


thesis (1938), “naphthene” synthesis 
(1941), and isosynthesis (1941). Dif- 
ficulties encountered in the Fischer- 


Tropsch synthesis are enumerated. A 
reaction mechanism is proposed which 
postulates that the function of the 
catalyst is to provide a hydrogenating- 
polymerizing surface. Thus, carbon 
monoxide is converted to methylene at 
the catalyst surface (hydrogenation) 
whereas the formation of polymethlene 
fragments (polymerization) leads to 
hydrocarbons containing more than one 
carbon atom. Poisoning of the catalyst 
by sulfur is explained on the basis of 
this mechanism. The Fischer-Tropsch 
process can be utilized by the gas in- 
dustry if investment costs for the proc- 
ess can be lowered, if a gaseous or 
readily gasified product is made for en- 
richment purposes, or if valuable mate- 
rials can be produced. Research objec- 
tives leading to one or more of the 
above aims are outlined. 


Jersey’s Operations 
At All-Time High 


Standard Oil Company (New Jersey), 
reporting operations for the first quarter 
of 1944, reveals. refining plants of its 
subsidiaries throughout the world proc- 
essing 1,026,152 barrels of crude oil 
daily. This is 13 percent above the 
yearly peak reached in 1941, and com- 
pares with 163,000 barrels daily proc- 
essed in 1918 for the other war. Plants 
of the company’s group in the United 
States showed an increase of 25 percent 
above the previous high. 

Production of crude oil by the Jersey 
group was shown at 850,000 barrels 
daily. In 1941 production was 711,000 
barrels daily, the previous peak. Most of 
the increase is in the United States, 
where the company’s subsidiaries have 
increased production more than 60 per- 
cent. 

Further increases in both refining and 
production have been made since the 
first quarter, in line with the general 
stepping up of the industry. 





Lend-Lease Oil Reveals 
Stepped-Up Tempo of War 


Lend-lease.exports of petroleum dur- 
ing the four months ending with June 
reached a value of $266,399,000, Presj- 
dent Roosevelt disclosed in his report 
to Congress on lend-lease operations. 

Shipments during the four-month pe- 
riod were more than a third of all the 
petroleum shipped to the Allied Nations 
from March 11,1941, to February 29, 
1944. 

From March, 1941, through June, 1944, 
$1,009,399,000 of petroleum products 
were sent to our allies under lend-lease, 
but pointed out that this “was less than 
nine percent of total production of pe- 
troleum products, and much of the 
gasoline and oil we have sent abroad 
under lend-lease has been used by our 
own forces.” 

Among the _ petroleum-consuming 
equipment lend-leased since March, 194], 
were 30,900 planes, 26,900 tanks and 
637,600 other military vehicles, 511 cargo 
ships of 1000 gross tons or over, 1284 
merchant and auxiliary craft of under 
1000 gross tons, and more than 140 
naval vessels of all types. In addition, 
the allies have purchased 7000 planes, 
1600 tanks and 270,000 trucks for cash, 
the report showed. 


Increased 80-Octane 
Output Asked by PAW 


PAW is calling on refiners to step up 
output of 80-octane gasoline to the 
maximum extent possible without inter- 
fering with the 100-octane program. 

The shortage of 80-octane, which 
powers the motorized forces engaged 
in campaigns around the world, results 
from the stepped-up tempo of military 
operations in Europe and the expanded 
100-octane production. Due to the short- 
age of aviation base stocks for blending, 
9l-octane is being stepped up to 100- 
octane, being replaced by 87-octane 
gasoline which, in turn, is replaced by 
80-octane. 


Association Executive 
Named in California 


Don E. Gilman, former vice president 
and western executive of the Blue Net- 
work Company, became executive vice 
president of California Oil and Gas As- 
sociation September 1, and D. S. Kil- 
gour has been promoted from assistant 
secretary to secretary of the association. 


Grease Manufacturers Meet 
In Chicago, October 23-25 


National Lubricating Grease Institute 
has announced its twelfth annual meet- 
ing to be held at Edgewater Beach Ho- 
tel, Chicago, October 23-24-25. Prelim 
nary anouncement indicates a program 
of interest to both manufacturers and 
consumers of grease, prominent speakers 
to include Army and Navy personnel. 


Gasoline Plant Building 
In West Edmond Field 


Peppers Gasoline Company is build- 
ing a natural-gasoline plant in the West 
Edmond area, Oklahoma, to process 10 
million feet per day. Part of the gather- 
ing system already has been laid. West 
Edmond; limits as yet undefined, is the 
omst active and prolofic oil field in, Ok 
lahoma for several years. Present limits 
include portions of three counties. 
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Planned eventually to be a world-wide 
compact for postwar oil production and 
distribution, an agreement was signed in 
Washington August 8 between United 
States and British government repre- 
sentatives, laying down broad principles 
to be followed in development of world 
oil resources. Individual applications to 
specific territories and operations will 
be handled by a joint commission pro- 
posed to be set up. The. commission 
will be empowered only to make recom- 
mendations which the two governments 
could or not as they see fit pass on to 
their nationals. Given full support of the 
governments, the commission could well 
become the machinery for controlling all 
oil activities in the world. Collaboration 
of other countries is to be sought. 

Adoption of the agreement followed 
two weeks of conferences between rep- 
resentatives of the two countries, work- 
ing on recommendations developed in 
meetings of technical groups last April. 

Executives of several American oil 
companies having international interests 
have expressed satisfaction with the 
agreement, but: members of the United 
States Senate are skeptical and an in- 
vestigation by a special committee is 
pending. 

Up to Senate 

That the pact is not of such nature 
as to require the ratification of the Sen- 
ate was dispelled by President. Roose- 
velt’s announcement on August 24 that 
the agreement must be formally sub- 
mitted for Senate approval. 

It was indicated that Senate- action 
will be delayed until after the Novem- 
ber election. 


This stand is in contrast to Great 
sritain’s handling of the agreement. 
Lord Beaverbrook, who signed for 


3ritain, bound his government without 
a check from the legislative branch. 

J. Howard Pew, president-of Sun Oil 
Company, in a letter to Senator Tom 
Connally of the Senate foreign relations 
committee, spearheaded the fight which 
the American oil industry is expected to 
make against the proposed international 
regulations. Pew charged that the pact 
was written so:vaguely that it “already 
seems to have lulled many into com- 
placency regarding its possible implica- 
tions,” and asserted that “the language 
is an innocuous or as ‘vicious as its ad- 
ministrators desire to make it.” Pew 
predicted that acceptance of the pact by 
the United States would “mean estab- 
lishment of postwar federal regulation of 
the petroleum-industry in this country.” 

Meanwhile, American oil company 
executives prepared to insist that the 
United States industry be adequately 
represented on the eight-man jojnt com- 
mission which will prepare the recom- 
mendations that are more or less as- 
sured of adoption by the two gov- 
ernments. 

The executives feel that unless Ameri- 
can oil interests act as a unit to gain 
proper representation, all four Ameri- 
can representatives on the commission 
Will be ‘selected from the staffs of gov- 
ernment departments or agencies. This 
would assure postwar continuance of 
governinent control of the industry 
without proper recognition of the rights 


Proposed Postwar World Oil Pact Faces 
Much Criticism; Senate Must Ratify 


and well-being of private enterprise, 
they believe. 

It is an open secret that the British 
government will name three men from 
the industry and one from government 
to act for their nation on the all-power- 
ful commission, and American oil lead- 
ers believe this country should follow 


the same procedure. 


Bradley Dewey Gets Medal 


Bradley Dewey, in recognition of his 
work in coloid chemistry, especially per- 
taining to rubber latex, and his accom- 
plishment in directing the synthetic- 
rubber program, has been selected by 
the American Section of the Society of 
Chemical Industry to receive the Chemi- 
cal Industry Medal for 1944. 

After studying at Harvard and Massa- 
chusetts Institute of Technology, 
Dewey became director of research for 
American Sheet & Tin Plate Company 
in 1911, and in 1919, with Charles Almy, 
organized Dewey & Almy Chemical 
Company. Called to Washington soon 
after Pearl Harbor as assistant in the 
synthetic-rubber program, he succeeded 
as Rubber Director upon resignation of 
William M. Jeffers. Having completed 
the work of the rubber program, he re- 
signed his government job September 1 
to return to his private work as presi- 
dent of Dewey & Almy Chemical Com- 
pany. 


Russell to Oklahoma U.; Gas 
Drying Research Planned 


George F. Russell has been appointed 
assistant professor of chemical engi- 
neering at Oklahoma University, where 
he will continue research in problems 
related to fractionation of petroleum 
and dehydration of natural gas. He has 
been with the natural gasoline depart- 
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ment of Phillips Petroleum Company 
for the past five years. 

The university is undertaking a re- 
search project on the drying of gases by 
activated alumina, from a chemical en- 
gineering point of .view. The investiga- 
tion which is financially supported by 


’ the Aluminum Company of America, is 


under the direction of Dr. R. L. Hunt- 
ington, chairman of the School of 
Chemical Engineering. He will have the 
part-time assistance of Russell and 
Blankenship. 


U. S. Refinery Output 
At All-Time High Level 


_ Record runs to stills have brought all- 
time peaks in the rate of manufacturing 
refined products in recent weeks. 
Crude-oil runs to stills during the ’ 
four weeks ended August 26 averaged 
4,620,000 barrels daily, not quite as high 
as the 4,632,000 barrels daily in July, but 
938,000 barrels greater than the average 
in August, 1943. During the week ended 
August 26, crude runs to stills averaged 
4,698,000 barrels. The all-time peak in 
runs to stills is 4,752,000 barrels, estab- 
lished during the week ended June 17, 
1944, In numerous recent weeks crude 
runs have exceeded crude production, 
which has necessitated heavy drafts on 
crude stocks. : 
Production of gasoline during the four 
weeks ended August 26 averaged 1,990,- 
000 barrels daily, roughly the same as in 
July. During the past three months 
gasoline production has heen above 2 
million barrels daily in about half the 
weekly periods. Stocks of gasoline to- 
taled 80,740.000 barrels on August 26, 
about 2 million less than a month ago, 
but 9 million barrels abcve a year ago. 
Production of residual fuel oil, for 
which there is a very heavy demand 
due to naval activity, averaged 1,232,000 
barrels daily during the four weeks 
ended August 26, compared with 1,265,- 
000 barrels during July. Stocks of resid- . 
ual fuel oil stood at 59,339,000 barrels on 
August 26, up 3 million from a month 
ago, but 8 million below a year ago. 
Distillate fuel oil production was 690,- 
000 barrels daily during August, the 
same as in July. Stocks of this product 
totaled 41,543,000 barrels on August 26, 
or 4 million more than a year ago. 


_ Production Also at Peak 

United States production of crude oil 
during the four weeks ended August 26 
averaged 4,670,000 barrels daily, 70,000 
barrels more than in July. A new all- 
time high was established during the 
week ended August 19, when production 
averaged 4,690,000 barrels per day. Dur- 
ing prewar 1941, the United States pro- 
duced 3,842,000 barrels daily. 

Texas produced 2,109,000 barrels daily 
during four weeks ended August 26, 
compared with 2,067,200 during July and 
1,615,000 barrels a year ago. Much of 
Texas’ increase during the past year 
has been iri West Texas, now producing 
463,000 barrels daily in contrast with 
245,000 barrels a year ago. The East 
Texas field continues to hold steady 
around 371,000 barrels daily. The Upper 
Coast, which produced 413,000 barrels 
per day a year ago, produced 535,000 
ccrels daily in August. 
_ Daily crude oil production of other 
important states during the four weeks 
ended August 26 and change from a 
year ago are given below: 

California 860,000 barrels, up 100,000 
barrels; Oklahoma 340,000 barrels, no 
change; Illinois 207,500, down 11,000; 
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Louisiana 362,000, up 15,000; Kansas 
270,000, down 35,000; New Mexico 108,- 
000, up 5000; Wyoming 93,000, down 
7000; Arkansas 80,700, up 3500; Michi- 

n 52,500, down 5000; Pennsylvania 
38,325, no change; Mississippi 46,000, 
down 7 

The nation’s newest oil state, Ala- 
bama, produced 200 barrels daily. 


Natural Gasoline Output 
Hits New High in June 


Production of natural gasoline and 
allied products hit a new record in June 
with an average daily output of 11!,462,- 
000 gallons, compared with 11,214,000 
gallons in May and 9,873,000 gallons in 
June, 1943, it was anounced by the Bu- 
reau of Mines. Output for the first six 
months of the year aggregated 2,004,- 
576,000 gallons against 1,792,140,000 gal- 
lons in 1943. . 

Production of light products during 
the half-year increased in all categories 
except benzol, which remained constant, 
and liquefied refinery gas, in which a 
slight decline was recorded. 

Included in the January-June produc- 
tion were 1,062,684,000 gallons of natural 
gasoline against 963,480,000 gallons last 
year; 389,046,000 gallons of cycle prod- 
ucts against 330,960,000; 104,454,000 gal- 
lons of iso-butane at natural gasoline 
and cycle plants against 76,062,000; 448,- 
392,000 gallons of other liquefied petro- 
leum gases at natural gasoline and cycle 
plants against 421,638,000; 80,346,000 
gallons of liquefied refinery gas at refin- 
eries against 84,588,000 gallons, and 50,- 
400,000 gallons of benzol, no change. 

Total stocks of natural gasoline and 
allied products increased by 1,722,000 
gallons during June, those at refineries 
increasing from 89,208,000 to 98,616,000 
gallons to offset a decline in stocks at 
plants and terminals from 97,104,000 to 
89,418,000 gallons, the bureau annouced. 


On Stream Without 
Benefit of Ceremony 


When the new 100-octane-gasoline 
facilities of The Texas‘ Company went 
on stream at Wilmington, California, 
August 31, the customary ceremonies 
were absent. Operating personnel of 
the plant opened the valves, threw the 
switches and the $20,000,000 project be- 

an turning out fuel for the armed 
orces. ; 

Among the new units completed in 
12 months are a fluid catalytic cracking 
unit and an alkylation plant. An addi- 
tional crude still was added, also in- 
creased fractionation facilities, more 
steam capacity as well as tankage and 
pumping facilities. ; 

The new facilities give the Wilming- 
ton plant daily charge capacity of 42,500 
barrels, from which it can produce 10,- 
000 barrels of 100-octane aviation gaso- 
line and an additional 2000 barrels of 
other military gasoline. 


Plant to Make Paint 
Ingredient from Oil 


Oronite Chemical Company, sub- 
sidiary of Standard Oil Company of 
California, will build a new plant at 
Richmond for the manufacture of 
phthalic anhydrite, a basic stock for 
alkyd resin paints and finishes. The an- 
nouncement made known that the com- 
pany will make no finished paint prod- 
ucts but will furnish the basic chemical 
to manufacturers. 

Phthalic anhydrite is made by the oxi- 
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dation of naphthalene and has other pos- 
sible uses, one of which was described 
in the Oronite release as “the starting 
material for the manufacture of one of 
the new insect repellants which have 
been so important in maintaining the 
health of American fighting men in the 
South Pacific. Studies are being:made to 
extend its uses to other chemical fields.” 
The plant will cost $1,000,000 and 
work will start within 30 days. The 
project has been approved by the War 
Production Board. . 


Bead TCC Catalyst 


Plant in Operation 

The first catalytic cracking plant east 
of the Rocky Mountains to use the bead 
type catalyst has been put in operation 
by Socony-Vacuum Oil Company at 
Paulsboro, New Jersey. The unit¢is a 
typical TCC installation except that it 
provides for the use of catalyst in bead 
form rather than the pellets common 
to early TCC units. 


Gas Institute Completes 


Gasification Laboratory 

A new gasification research labora- 
tory has been built for the Institute of 
Gas Technology, Illinois Institute of 
Technology, Chicago. 

The laboratory, which adds 30 per- 
cent to the space available for gas in- 
dustry research, was ready September 
1. Though the structure will be used 
primarily for gasification research, a 
portion will be utilized as an addition 
to the Gas Institute library. 

The laboratory bridges the space be- 
tween two present buildings of the Gas 
Institute, and the structure will accom- 
modate 20 research workers. 


East Texas Plant Reopened 

Danciger Oil & Refineries, Inc., has 
reopened its East Texas skimming and 
cracking plant after a 4-year lapse, and 
will process 200,000 barrels monthly. 
The plant was restored to production by 
PAW, which arranged for Humble Pipe 
Line Company to supply the oil. 


U. S$. Tax Collections on 


Gasoline Show Increase 


Federal tax collections on gasoline 
and lubricating oils increased between 
June and July but receipts from pipe 
line transportation fell. 

July revenue from gasoline was $22,- 
213,653 against $21,028,517 in June and 
$26,365,208 in July, 1943. For the first 
seven months of the year, receipts aggre- 
gated $147,806,513 against $146,044,839 
for the corresponding period last year. 

Lubricating oils paid $5,473,271 in 
taxes against $3,808,507 in June and 
$4,294,413 in July of last year, with a 
seven-month total of $32,388,398 against 
$26,338,707. 

Only $1,120,079 came in July from 
Pipe line transportation, against $1,621,- 
370 in June and $1,202,502 in July, 1943, 
but the total revenue for seven months 
was $9,161,973 against $7,657,719. 


NPA Meeting Postponed 


The board of trustees of the National 
Petroleum Association will meet at the 
William Penn Hotel in Pittsburgh on 
ge 29. 

he forty-second annual meeting of 
the association which was to be held 
at Atlantic City on September 20-21 has 
been postponed in deference to war 
travel conditions. 








Howard Marshall Quits 
As PAW General Counsel 


J. Howard Marshall, general counsel 
of PAW since the early days of OPC. 
has resigned to return to law practice 
at San Francisco. 4 

Marshall was a member of the Petro. 
leum Administrative Board in the NRA 
period, and joined the Ickes agency ig 
its formative days. 

Dene B. Hodges, since January 3}, 
last, assistant director of the supply and 
transportation division, has resigned to 
return to Shell Oil Company, for which 
he was manager of transportation and 
supplies for the Mid-Continent and At- 
lantic Coast areas, and Mercer H. Parks, 
chief of the scheduling and expedition 
section of the materials division, has re- 
turned to the engineering staff of the 
Humble Oil & Refining Company. 


Shell Promotes Border 


At Wood River Plant 


L. E. Border has been named head 
of the cracking department of the Wood 
River plant of Shell Oil Company, His 
connection with the organization began 
at Wood River as a junior chemist fol- 
lowing graduation from Colorado Uni- 
versity. Between 1930 and 1940 he had 
been assistant in the topping depart- 
ment, an assistant department head in 
the iso-octane plant and a senior tech- 
nologist. 

In 1941 he joined the staff of Shell 
Development Company as an engineer 
but returned to Wood River that year 
as a senior technologist. The next year 
he became head of the pilot plant in 
catalytic cracking. 


Hilliard Promoted at 


Shell Houston Plant 


Fay Hilliard has been appointed act- 
ing head of the utilities department of 
Shell Oil Company’s refining plant at 
Houston. Following graduation from 
Rice Institute in 1933 he became a 
laborer in the engineering department 
at Houston. He became an engineer in 
1936 and two years later was promoted 
to assistant utilities engineer, a position 
he held until his recent appointment. 





























































Davidson Advanced by 
Standard of California 


George A. Davidson, who has been as- 
sistant general manager of manufactur- 
ing, has been elected a vice president of 
Standard Oil Company of California. 

He has been in the organization since 
1921, following graduation from the 
University of California. His first work 
was in the research department. In 1933 
he became superintendent of El Segundo} 
refining plant. He was advanced to as 
sistant general manager of manufactur- 
ing in 1943 and earlier this year was 
appointed an assistant vice president. 


Says Half of Synthetic 


Rubber Plants to Survive 


About half of the plants producing 
synthetic rubber will be able to survive 
after the war, largely because their pro 
uct is superior to natural rubber & 
some purposes, Col. Bradley De 
retiring rubber director, said last wee 

Predicting that American chemi 
will develop still better synthetic rp 
bers, Dewey pointed out that synthett 
tires, except in the larger sizes, alread 
are better than all except top-q 
prewar tires from natural rubber. 
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if yours is one of more than 200 refineries not now 
participating in the 100-octane program for war, you 
should and will be interested in how expertly we can help 
you overcome obsolescence .. . our facilities . . . our expe- 


rience ... the fact that repeat business has constituted 


60% of our contracts during the last six years. 


We serve the industry that makes 
possible all modern modes of 


transportation. 
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CATALYTIC CRACKE 





ALKYLATION UNIT 


formerly 


JONES & LAUGHLIN SUPPLY COMPANY 


Frick-Reid Supply Corporation 
TULSA, OKLAHOMA 









PETROLEUM REFINER 
by 


THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 


under the supervision of 
DR. E. H. LESLIE and DR. H. B. COATS 


SCIENCE AND TECHNOLOGY 


Abstracts prepared in cooperation with the 








The abstracts here presented are selected from the current literature of science and 
technology to afford reference to fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 








Fundamental Physical 


And Chemical Data 


Correlating Vapor Pressure and Equi- 
librium Constant Data. D. F. OrHMer. 
Ind. & Eng. Chem. 36 (1944) pp. 669-72. 


In previous articles the author has 
presented a logarithmic plot of vapor 
pressure or related pressures of a com- 
pound correlated against the pressures 
exerted by a reference substance at the 
same temperature, and has used this 
procedure to correlate data for vapor 
pressures, latent heats, heats of chemical 
reaction, gas solubilities, heats of solu- 
tion, adsorption equilibrium pressures, 
heats of adsorption, and other properties. 
It appears that the same procedure 
might be a useful tool for correlating 
values of the so-called equilibrium con- 
stant, K, used in the design of distilla- 
tion, absorption, and related systems in- 
volving particularly hydrocarbons, such 
as petgoleum fractions. Data for equi- 
librium constant K are correlated by a 
logarithmic plot against vapor pressure 
of a reference substance at the same 
temperatures to give substantially 
straight lines. A nomogram has been 
prepared based on this correlation that 
gives K values for the hydrocarbons be- 
low nonane at different pressures and 
temperatures in a form that is useful 
when constant K values are to be com- 
pared. A second nomogram is presented 
that is useful for obtaining K values for 
hydrocarbons in this range at the same 
temperature and pressure as would be 
necessary, for example, in plate-to-plate 
calculations of a distilling column han- 
dling hydrocarbons. 


Phase Equilibria in the System 
Ethane-Ethylene-Acetylene. J. L. Mc- 
Curpy anp D. L. Karz. Ind. & Eng. Chem. 
36 (1944) pp. 674-680. 


In studies of hydrocarbon phase be- 
havior, binary mixtures of acetylene and 
ethane and acetylene and ethylene have 
been shown to form constant-boiling 
mixtures under-pressure. Since mixtures 
of these gases result from high-tempera- 
ture cracking processes and are present 
in hydrocarbon mixtures during separa- 


174 


tion, the vaporization characteristics are 
of particular interest. Acetylene has been 


. found to have vaporization tendencies 


differing from those that would be pre- 
dicted by the position of its vapor pres- 
sure curve as related to the vapor pres- 
sure curves of other hydrocarbons. The 
ethane-ethylene-acetylene ternary system 
was chosen for study since two of the 
binary systems are known to form con- 
stant-boiling mixtures, and the third, 
ethane-ethylene, has been shown to be of 
the normal type. The phase equilibrium 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, Thirty-third, Federal 
and Dearborn Streets, Chicago 
16, Illinois, has received urgent 
requests for the chemicals listed 
below. If anyone has one or 
more, even if only in one gram 
quantities, please inform the reg- 
istry. 

Alkyl substituted ethylene and 
propylene oxides. 

Carbon tetraiodide. 

Cerotic acid. 

Carbon oxy sulfide. 

1,2-Dihydroxy anthracene. 

Unsym. dichloro succinic acid. 

1,1-Dimethyl glycidol. 

1,3-Epoxy propane. 
1-Methyl-1l-phenyl glycidol. 

Ethyl or methyl-n-octyl amine. 

Ethyl or methyl-n-decyl amine. 

Ethyl or methyl-n- dodecyl . 
amine. 

Formamidine hydrochloride. 

Formy] urea. 

Beta, gamma-dimethy] allyl al- 
cohol or any halide. 

Hexabrom ethane. 

Normal aliphatic primary 
amines of 7,9,15,19-29 carbons. 

Octachloro-n-propane. 

2,4-Pentadiene-l-ol. 

Sodium isethionate (100 granis). 














relations of the ethane-ethylene-acetylene 
system were studied at two tempera- 
tures, 40° and 60° F., and at a series of 
pressures in 50-pound intervals covering 
the entire two-phase region at each tem- 
perature. The constant-boiling mixtures 
of the ethane-acetylene and ethylene- 
acetylene systems persist through the 
triangular three-component diagrams. At 
constant temperature and pressure these 
diagrams have two two-phase areas. 
Acetylene is the most volatile compo- 
nent in one area and the least volatile 
in the other area. The apparatus used in 
the work is described in some detail and 
the method followed is given. Data are 
presented in considerable detail in tabu- 
lar form and the phase diagrams are 
presented in graphical form. A _bibli- 
ography of 27 references is appended. 





The Viscosity of Hydrogen Fluoride. 
J. H. Stmons anv R. D. Drespner. Jour. 
Amer. Chem. Soc. 66 (1944) pp. 1070-72. 


It is well known to all who have used 
and handled hydrogen fluoride that it is 
a material of high fluidity. The increas- 
ing use of this substance adds to the im- 
portance of knowing its physical proper- 
ties accurately. To date no measure- 
ments of the viscosity of hydrogen 
fluoride have been recorded in the litera- 
ture. The usual laboratory viscometer is 
not suitable for use with hydrogen 
fluoride because of its reaction with 
glass. The authors measured the vis- 
cosity of pure hydrogen fluoride, com- 
mercial hydrogen fluoride, and hydrogen 
fluoride containing a small percentage of 
ethyl alcohol over the range of tempera- 
ture from approximately —70 to above 
0° C. Hydrogen fluoride has a viscosity 
not greatly different from that of ethyl 
ether at the same temperature. Small 
amounts of impurities such as water and 
ethyl alcohol tend to increase the vis- 
cosity markedly. The apparatus used in 
making the determinations is described 
in some detail and the procedure used is 
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Only genius in instrument making could have created 


such an invaluable aid to. unit process stabilizing as 
the STABILOG CONTROLLER with HYPER-RESET 


Foxboro Instrumentation means a great deal 
more than the mere ability to make automatic 
control instruments. It means a genius for creat- 
ing as well as perfecting better instruments... 
a special talent gained only from years of the 
hardest kind of technical and practical 
experience. 


As a case in point, the Foxboro Hyper-Reset 
Stabilog Controller has brought to air-operated 
control a degree of high performance that has 
never been approached. Operating on a prin- 
ciple entirely different from previous standard 


controllers, this remarkable instrument “feels” . 


the rate of change of disturbance at the very 
start. Corrective action, measured and of the 
proper magnitude for any adjustment or disturb- 





* 


ance, is instantly in effect. The result is smoother 
and faster recovery from any ‘process disturb- 
ance. Under average process conditions, re- 
covery is often effected in as little as one-fourth 
the usual time - with as much as 50 per cent 
reduction in the amount of upset. 


In appearance as well as action, too, the 
Model 30 Stabilog Controller reflects’ the ad- 
vanced thinking of Foxboro Instrumentation. Its 
trim, rectangular housing “squares the circle” 
for compactness, high visibility, and broad util- 
ity. Its modern design permits true flush mount- 
ing for maximum efficiency and safety. 

For complete details, write for illustrated Bul- 
letin A-330. The Foxboro Company, 74 Neponset 
Ave., Foxboro, Mass. Branches in principal cities. 
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Keep these vital tools 
ready for action 











Suppose an emergency required you to open one 
of your stills, cracking coils or other tubular units 
Sader: Would you be able to take advantage of 
this condition by cleaning tubes while the unit 


is down? 


How long is it since you looked over your tube 
cleaners? Why not do it now, while you think of 


it? They may need adjustment, 
repair or parts replacement. 


You'll have to use your tube clean- 
ers sooner or later, perhaps sooner 
than you expect. So why risk tying 
up production on account of im- 
perfect tube cleaners? Get them 
ready for immediate action now. 


The ROTO Company 


DIVISION OF ELLIOTT COMPANY 
145 Sussex Avenue 
NEWARK, N. J. 
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TUBE 
CLEANERS 


‘principally a mixture of dialkenyl mono- 





given. Data are presented in tabular and 
graphical form. 


Chemical Compositions 
And Reactions 


Catalytic Aromatization of Branched 
Chain Aliphatic Hydrocarbons. V. I, 
KoMAREWSKY AND W. C. SHAND. Jour. 
Amer. Chem. Soc. 66 (1944) pp. 1118-19, 


The authors studied the mechanism of 
the reaction by which aliphatic hydro- 
carbons are transformed into aromatics, 
They were particularly interested in 
studying the question as to whether aro- 
matization of paraffins goes through the 
intermediate step of naphthene forma- 
tion. With this in mind, the following 
aliphatic hydrocarbons were subjected 
to the action of chromia on alumina 
catalyst: 2,2-dimethylhexane, 2,2-dime- 
thylhexene-3 and 2,2-dimethylheptane. 
The experimental work is described and 
the results are presented in tabular 
form. It was concluded that aliphatic 
hydrocarbons, containing a quaternary 
carbon atom that does not permit direct 
aromatization, dehydrocyclize with the 
production of aromatics in the presence 
of chromia-alumina catalyst. This indi- 
cates that isomerization takes place dur- 
ing dehydrocyclization. Aliphatic hydro- 
carbons the structure of which permits 
cyclization in more than one way, de- 
hydrocyclize to aromatics by means of a 
mechanism that permits their direct for- 
mation. 












































Chemistry of Sulfur-Olefin Reactions. 
R. T. Armstrone, J. R. Litrre, anp K. W. 
Doak. Ind. & Eng. Chem. 36 (1944) pp. 
628-33. 

The chemistry of the sulfur vulcaniza- 
tion of rubber is interpreted in terms of 
reactions of simple mono-olefin analogs 
with vulcanizing ingredients. 2-Methyl- 
2-butene, the analog of rubber, forms 

















and disulfides, symmetrical and unsym- 
metrical, containing the following 
structural units: B-methylcrotyl, 
a,B-dimethylallyl, and y-methylcrotyl. 
2-Methyl-l-butene forms a similar mix- 
ture of mono- and disulfides, containing 
B-methylcrotyl and B-ethylallyl struc- 
tural units. Di-(B-methylcrotyl)mono- 
sulfide is the major product from the 
reactions of both 2-methyl-2-butene and 
2-methyl-l-butene. The formation 0 
a,B-dimethylallyl unit from 2-methyl- 
2-butene, and of B-methylcrotyl unt 
from 2-methyl-1-butene indicates that 4 
free radical of the allylic type may be 
an intermediate in the reaction. 2-Butene, 
the simplest analog of butadiene poly- 
mers, forms dicrotyl sulfide and non- 
volatile products. By analogy it is con- 
cluded that sulfur vulcanization of rub- 
ber is due chiefly to the formation 0 
disulfide ‘and monosulfide cross lin 

that are attached to the a-methylene 
groups or the a-methyl group of the 
rubber chain. As a consequence of re 
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i You'll need a table of size ranges. So here it is—on the ing, mechanical and aircraft tubing. The stainless 
dime- page opposite. You’ll want to know the specifications alloys may be made by either this same process or by 
»tane 





Reowbléc ELECTRUNITE, 


under which these tubes are made. They’re listed 


the atomic-hydrogen welding process. 











































1 and ss . , . 

bular briefly below. And if you’re looking for longest serv- — From these methods of manufacture ELECTRUNITE 

hatic ice-life under severe conditions, check the stainless Tubes acquire their CONSISTENT uniformity of wall 

rnary : : - o3% ees 

direct steel analysis table. thickness, diameter, concentricity, ductility, strength 

1 the For 12 years, ELECTRUNITE Tubes have been prov- and scale-free surface—which to users mean easy, 

“ind ing their dependability, safety and low installation _rapid installation and long, low-cost service. 

. dur- and service costs. Users in all branches of industry 

ydro- have ordered and re-ordered more than 120,000,000 Would you like to know where and by whom y 

rmits ‘ : are being used? Write us. 

. a feet for various types of heat transfer equipment. 

ss a Carbon steel tubes are made by electric resistance REPUBLIC STEEL CORPORATION 

t tor- . . H 
welding—the same time-proved process employed in STEEL AND TUBES DIVISION + CLEVELAND 8, OHIO 
making some 30,000 miles of Republic Line Pipe, Berger Manufacturing Division 
approximately 50,000,000 feet of oil well casing and —alvsrt, Division et Division __« \ ** ‘Trascom Steel Company 
tubing, and billions of feet of electrical metallic tub- Export Department: Chrysler Building, New York 17, New York 

A. S. T. M. SPECIFICATIONS 

A-214 Electric Resistance Welded Steel Heat Exchanger and Condenser flues. and safe ends and is used for heat exchanger and con- 
Tubes—to be used in heat exchangers, condensers and similar denser tubing in sizes 2” O.D. and larger. 
heat transfer equipment in sizes up to 2” O.D. Carbon 0.08 to 0.18—minimum wall unless otherwise specified. 
Carbon 0.18 maximum—Rockwell B-72 maximum—average A-249 Atomic-Hydrogen-Arc-Welded and Electric-Resistance-Welded 

— or minimum wall as specified. Alloy Steel Boiler and Superheater Tubes —intended for boiler 

aaa : tubes and superheater tubes; frequently used for heat ex- 

<. W. A-178 Electric Resistance Welded Steel and Open-Hearth Iron Boiler changer and condenser tubes of the following types: 304, 

) pp. Tubes—intended for boiler tubes, boiler flues, superheater 316, 317, 347. 

niza- 

so STAINLESS STEEL CHEMICAL ANALYSES 

thyl- Type Carbon Manganese Silicon Chromium Nickel Molybdenum Phosphorus Sulphur Others 

orms 302 -20 Max. 1.25 Max. -75 Max. 17.5—20.0 8.0—10.0 .030 Max. -030 Max. 

10N0- 304 08 Max. 2.00 Max. -75 Max. 18.0—20.0 8.0— 10.0 .030 Max. -030 Max. 

sym- 347 -10 Max. 2.00 Max. .75Max.  17.0—20.0 8.0—10.0 .030 Mex.  .030Max. CB=10xC Min, 

ving 309S .08 Max. 1.50 Max: 2.00 Max. 22.0—26.0 12.0— 14.0 -030 Max. -030 Max. 

otyl, 316 -10 Max. ‘1.50 Max. 75Max. 16.0—18.0 10.0—14.0 2.0—3.0 .030Max.  .030 Max. 

rotyl. 317 10 Max. 1.50 Max. 75 Max. 18.0—20.0 10.0—14.0 3.0—4.0 .030Max.  .030 Max. 

hen 442 .15 Max. .50 Max. .50Max. 18.0—23.0° .030 Max.  .030 Max. 

re 446 .15Max. .50Max.  .50Max.  23.0—30.0 .030 Max. 030 Max. 

10n0- 

1 the 

> and 

n of 

thyl- 

unit 

hat a 

Ly be 

itene, 

poly- 

youd SH-H-H! 

4 DON'T SPREAD WAR INFORMATION 

ai —IT MAY HELP THE ENEMY 
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MODERN REFINER 


prevent slime deposits ... 





In many of the war’s largest in- 
dustrial developments, including 
virtually all of the Butadiene, Sty- 
rene, and Copolymer Plants of 
the synthetic rubber program and 
most of the high octane plants, 
chlorination has been recognized 
as the most efficient and eco- 
nomical method of preventing 
heat exchanger fouling by mi- 
crobiological accumulations. 

These modern plants, which 
have every facility for determin- 
ing the best methods to employ, 
have chosen the Wallace & Tier- 
nan Desliming Process. 


Wh 


At lowest cost, minimum of 
total solid addition, and without 
interference with existing corro- 
sion control treatments, chlori- 
nation is equally effective in fresh 
as in salt water; in surface as in 
well water; in cooling towers as 
in once-through systems. 

The Wallace & Tiernan De- 
sliming Process can be used to 
equal advantage in your plant, 
whatever the nature of your 
slime control problem. 

Wallace & Tiernan’s thirty 
years of experience are avail- 
able to you. cD-8 


; PRODUCTS: INC. 





Grolstinel mer Velelelselitr: 
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| cided to use the Thylox system which 


arrangement, allylic isomers are possi- 
ble. Data show that the degree of cross 
linking of rubber vulcanizates is closely 
related to the amount of zinc sulfide 
formed during the reaction. 


Manufacture: Processes 
And Plant 


Separation and Recovery of Aromatic 
Hydrocarbons from Paraffins and 
Naphthenes by Absorption. B. J. Mar 
AND A. F. Forziati. J. Res. Natl. Bur. 
Stand. 32 (1944) pp. 165-83 (Res. paper 
No. 1583). 


The solution to be separated is intro- 
duced into the top of a column contain- 
ing an excess of adsorbent. A low-boiling 
paraffin hydrocarbon is added in quan- 
tity sufficient to remove the paraffins 
and naphthenes but not the aromatics. 
These are removed by adding a desorb- 
ing liquid such as methyl alcohol. The 
paraffins and naphthenes in solution in 
pentane can be determined by removing 
the pentane by distillation. The aro- 
matics are obtained as a mixture with 
pentane and methyl alcohol. The methyl 
alcohol is removed by extraction with 
water and the pentane by distillation. 
The procedure has been tried on a 
known mixture of 17 pure hydrocarbons 
ranging in boiling point from 60 to 174° 
C. The separation and recovery of the 
aromatic hydrocarbons is quantitative. 
Determination can be made of the quan- 
tity of aromatics adsorbed per unit 
quantity of adsorbent using silica gel, 
carbon, MgO, AL,Os, Filtrol and Flori- 
sil as adsorbents. The results are pre- 
sented as adsorption isotherms. 


Removal of H.S by Thylox Process. 
Chem. & Met. Pictured Flowsheet, Chem. 
& Met. Engr. 51 (1944) pp. 130-33. 


A flowsheet is presented for the re- 
moval of hydrogen sulphide by the 
Thylox process. The Ford installation 
handles over 50,000,000 cubic feet of gas 
per 24-hour day. Grid-packed adsorbers 
22 feet by 90 feet high are used. The 
absorbing solution contains sodium thio- 
arsenate and is maintained at a proper 
pH value. The reagent is reactivated in 
the thionizers in which compressed air 
bubbles through the fouled Thylox so- 
lution. A froth of free sulphur is sepa- 
rated at the top of the thionizers and 
continuously overflows into a hopper 
bottom trough to a slurry tank which 
in turn feeds a rotary filter. The filter 
cake contains both sulphur and insoluble 
impurities. It is run to an autoclave for 
separation. The melted sulphur from the 
autoclave can be solidified in pan or may 
be handled by an endless stainless steel 
belt. At the end of the belt the solidified 
sulphur is cracked to small pieces which 
fall into the hopper for final distribution. 


Sulphur Removal and Recovery from 
Coke Oven Gas. N. G. FarquHar. Chem. 
& Met. Engr. 51 (1944) pp. 94-6. 

Sulphur compounds in coke oven gas 
have presented a problem of increasing 
severity at the Rouge plant of the Ford 
Motor Company at Dearborn, Michigan. 
Prior to the war approximately 12 mil- 
lion cubie feet of coke oven gas per day 
were used, and approximately 10 million 
more cubic feet became necessary with 
the construction of a magnesium smelter 
and an armor plate building. It was de- 
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r¥ COATINGS CONSERVE 
2 CRITICAL EQUIPMENT 

AND SUPPLIES— 

atic 

and Today, “oil production for war” tops 

{ar the list. Tomorrow, re-conversion 

Bur. will be king... under competition 

aper C A M ¢ Al G k T 0 wl | a E 0 U T so keen that swift resumption and 
low costs will be imperative. 

tro- 

ain ; Meanwhile, equipment and facilities 

ling THE COST OF CORROSION take a terrific pounding. No time 

ae for rest or replacement. 

ws All of which creates two $64 ques- 

The tions: First, can equipment continue 

in to take it? Second, how will equip- 

ring ment stack up in condition and ef- 

aro- ficiency on V-day? 

vith 

thyl Amercoat Plastic Coatings are one 

m answer to both questions. Amercoat 

1% protects a wide variety of refinery 

ons equipment and structures from cor- 

74° rosion. Every refiner knows that cor- 

the rosion is a major cause of premature 

oa wear, failure and waste. 

eel Amercoat is easy to apply by spray 

orie or brush to metal, wood, concrete 

yre- .. dries quickly, no baking required 
It is unaffected by hydrogen sul- 

ess. phide gas, most acids, salts and alka- 

em. lies. Being odorless, tasteless ‘and 
chemically inert, Amercoat gives dual 

re- protection . . . against corrosion and 

the against contamination of aviation 

‘ion gasoline and other highly refined 

gas oil products. 

ers 

he Amercoat prevents corrosion of 

mi concrete or steel storage tanks, tank 

1 in cars and trucks, run-down tanks, 

air dehydration and cooling towers, 

SO- gas scrubbers, waste and salt water 

* lines and other refinery equipment 

per and structural surfaces. 
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< YOUR ASSURANCE OF 100% RESULTS 


Your letter explaining your particular problem will re- 










‘om 
ee ceive the attention of our technical staff. Amercoat will 
be recommended for your use only after thorough analy- 
gas sis or past experience definitely proves its practical value. 
a Descriptive booklet sent on request. 
“il. MANY INDUSTRIES USE AMERCOAT PROTECTION, 
day such as. BOTTLING CHEMICAL SHIPBUILDING 
S| Mek Beaute pager 
a oon Tasos yer ed pang LL taj AMERICAN PIPE AN ONSTRUCTION COs 
‘ch DAIRY BREWING BEVERAGE SEWAGE DISPOSAL  P. O, BOX 3428, TERMINAL ANNEX, LOS ANGELES 54, CALIFORNIA 
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Whi READABILITY counts “OST 


Wherever temperatures are critical 
WESTON thermometers are pre- 
ferred because of their large, boldly 
marked dial-type scales. Even 
though mounted high above eye 
level, or on equipment in poorly 
illuminated areas, the scale is vis- 
ible, and readable, without incon- 
venience. Thus readings are made 
in less time ... and with far greater 
accuracy ...and without the temp- 
tation to carelessness that low visi- 
bility invites. 

The wide-spread adoption of 
WESTON thermometers throughout 
the synthetic rubber, oil refining, 
and other process industries has 
been due to this readability, plus 
the records for long-time depend- 

- ability which these simple all-metal 
thermometers have established. 
Literature giving complete specifi- 
cations on all models gladly fur- 

nished on request. Weston Electri- 

cal Instrument Corporation, 655 

Frelinghuysen Ave., Newark 5, N. J. 
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results in the recovery of the sulphur jp 
elemental form. Approximately 6 tons 
per day of 99 percent pure sulphur are 
recovered in the Ford plant. This sul- 
phur in colloidal form can be. utilized in 
the manufacture of fungicides. In the re- 
covery and purification process the gas, 
practically 100 percent free from tar and 
ammonia, is brought into contact with a 
solution of sodium thioarsenate, whe 
quent air . oxidation on the resulting 
solution frees the sulphur and leaves the 
solution active for re-use. Approximately 
98 percent of the sulphur is removed 
from the gas. 


The Calculation of the Volumes Con- 
tained in the Partially Filled Dish Ends 
of Horizontal Cylindrical Tanks. H, A. 
BiackmoreE. Jour. Inst. Petr. 30 (1944) 
pp. 167-70. 


The figures representing the volumes 
of liquid contained in the dish ends of 
horizontal cylindrical tanks, except when 
the tank is full, are formed by the inter- 
ception of the plane surface of the 
liquid, an imaginary plane constituting 
the end of the tank, and the dish end. 
There are thus three surfaces: two plane 
and one curved. The angle between the 
plane surfaces is 90° when the axis of 
the cylinder is horizontal. Equations are 
given for the calculation of the volumes 
of such containers. In practice, however, 
the heights of the oil in the tanks is 
gauged so that h is the independent 
variable and the other ‘variables must be 


| changed into explicit functions of h. 


However, such a function is intractable 
and would be useless for ordinary work 
owing to its complexity. To overcome 
this difficulty, the author assumes that 
certain angular functions are substan- 
tially invariant with h insofar as these 
can be measured from a tank blue print. 
An equation is derived for the volume 
at any value of h. The equation based 
on a spherical head proved to give too 
high results. It was found to introduce 
a negligible error to assume that the 
segments are of a paraboloid of reyolu- 
tion, An equation is developed on this 
basis, and corrections are given for the 
so-called ‘spherical error involved. 


Products: Properties 
And Utilization 

Operating Automotive Equipment at 
—50° F. R. Wayne Goopate. S. A. E. 
Jour. (Trans.) 52 (1944) pp. 276-80. 


At the winter temperatures of the far § 


north cetane number is of less impor- 
tance in diesel fuels than low pour point. 
Large quantities of stove o'l were used 
as diesel fuel, along the Alaska highway, 
by various types of engines. A product 
known as Ban-ice when used in the pro- 
portion of 1 percent prevented the ‘freez- 
ing of water dissolved in gasoline or 
diesel fuel at temperatures: as low 45 
—50 to —60° F. A relationship was 
noted between cetane number and the 
lowest temperature at which a diesel 
engine will start readily. At 50 cetane 
number the temperature is approxl 
mately 28° F.; at 40 cetane number the 
temperature is approximately 35° 

However, below 20° F. the difference in 
cetane number i is not important. A start 
ing fluid- was used to facilitate engine 
starting at sub zero temperatures. 1° 
overcome difficulty resulting from stil- 
fening of the crankcase oil gasoline ws 
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aves the 5 . 
kimately EW problems... in design... in 
pena fabrication . . . in fitting ... in 
Sa transportation ... all had to be 
Ss On- . - ° * 
sh Ends solved in supplying a giant alloy-clad 
s. HA reactor tower for a new West Coast re- 
D (1944) finery. It was the kind of a job that called 
for ingenuity and originality from start 
volumes to finish. 
ends of 


ept when Because of its immense size—85 feet 


. “ 
opp eo | ¢ ik 1 | ev e raat & ri t high, 27 feet in diameter and weighing 


stituting 360,000 Ib.—the tower had to be de- 


ish end. 

















wo plane signed and fabricated so that it could be 
bi pr shipped in sections from the B&W plant 
e X1S OI 
Mesithee for final assembly at the refinery. When 
volumes installed, the vessel will operate at 30 Ib. 
10Wwever, . 
tanks is per sq. in. at a temperature of 1000° F. 
— in producing aviation gasoline. For long 
5 mu . : 
+ ae h. life and freedom from shutdowns at this 
sige wi high temperature, the tower was pro- 
ary WOrK ° ° ee 
weielbne vided with a lining of B&W Croloy, fully 
mes that bonded over the entire area. 
substan- 
~ a No technical problem is ever too difficult, 
} rnnt. ° . + . . 
pep no fabricating job too complicated for 
on em B&W when it comes to supplying pressure 
71V 00 7 
Bb a vessels of any kind for today’s process- 
Mee - ing methods. Any requirement for pres- 
u- 7 
4 OF this sure vessels can be brought to us with 
n ha the confidence of getting sound engineering 
red. 8 ° « 
Towering over the B&W workman is an intermediate sec- and finished products of P roved reli- 
tion of one of the cones for the top and bottom of the ability and economy. 
tower. 
ipment at 
Sz &. 
6-80. 
of the far & 
$s impor- 
our point. 
vere used 
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\ product 
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50 cetane 
approx!- 
rmber the 
' 35° A 
ference in 
t. A start- § 
te engine 
tures. To 
from stil 
soline was 
3, No. 9 Two sections of a cone are being fitted together at the B&W plant 





before shipment to check their accuracy and alignment. 
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The E. P. Series Air Motor has the extra power needed 
for fast removal of hard, heavy deposits even in large diameter 
tubes. Where hard spots stall ordinary motors, the E. P. has the 
extra torque to cut through. This feature saves time, labor and 
money in tube cleaning. ‘ 


The reason for the high torque, extra power and low air con- 
sumption of the E. P. Motor lies in its exclusive valve design. 
Full use of air with minimum back pressure, leakage and fric- 
tion, together with its six-cylinder construction, provide smooth 
power and prevent stalling. 

Thomas C. Wilson, Inc. maintains a large engineering staff for 


consultation in solving difficult tube-cleaning problems. A bulle- 
tin describing the complete Wilson line will be sent on request. 








MODERN 
TUBE-CLEANERS FOR 
THE PROBLEMS OF 
TODAY 





THOMAS C. WILSON Inc. 


1] 44th AVENUE, LONG ISLAND CITY 1, NEW YORK 


‘ 
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added to the engine oil before stopping, 
An oil lighter than SAE 80 but with ex- 
treme pressure characteristics was used 
as a gear lubricant. 


Special Cold-Starting Fuels for Diese] 
Engines. G. H. Cioup anp L. M. 
Ferenczi. Stand. Oil Develop. Co. S. A. E. 
Jour. 52 (1944) pp. 233-7. 


Ignition quality of diesel fuels is the 
best index of starting performance. The 
higher the cetane number the lower the 
minimum starting temperature for a 
given engine and lubricant. This, how- 
ever, does not hold for cetane numbers 
above 55 to 60. Various ignition pro- 
moters were studied including amyl 
nitrate, isobutyl nitrate, 1,1-dichloro- 
l-nitroethane, and diamyl trisulfide. 
Diamyl trisulfide was found to be the 
most effective and gave an 8° F. lower- 
ing of starting temperature. Some of the 
straight-chain ethers have high cetane 
numbers and cold-starting tests were 
made with them. There seemed to be no 
correlation between cetane number and 
starting performance. Hexyl ether and 
n-butyl ether in 25 percent blends gave 
better performance than would have 
been predicted. The 25 percent ethyl 
ether blend was better than either of its 
components. The optimum concentra- 
tion of ethyl ether in blends is 40 to 50 
percent. At 42:58 ethyl ether reference 
fuel blend permits starting at a tempera- 
ture 24° lower than with 74 cetane- 
number reference fuel and 14° F. lower 
than with straight ethyl ether. Ethyl 
ether lowers the cloud and pour points 
of fuels. Ethyl ether is commonly used 
in England and most diesel engines are 
there equipped with an applicator for 
admitting ether with the entering air 
during the starting period. The use of 
ethyl ether in the air stream will allow 
starting temperatures as low as —40° F. 
without other starting aids provided the 
lubricant permits sufficient cranking 
speed. 


Steam Turbine Lubricating Oils. 
Lubrication 30 (1944) pp. 41-56. 


Troubles in turbine lubrication are 
caused by emulsification, foaming, oxida- 
tion and sludging occasioned by excess 
air, water or heat. In: turbine oil circu- 
lating systems a sufficient capacity is 
provided to allow an ample rest period 
before recirculation of the oil. However, 
there is sufficient turbulence to cause 
emulsification if the oil emulsifies 
readily. For the modern high-speed tur- 
bine directly connected to an electric 
generator, oils of two viscosities are 
commonly made, one of 140 to 170 Say- 
bolt seconds and another of 175 to 250 
seconds, at 100° F. When a turbine 1s 
geared down as to propeller shafts, an 


| oil of higher viscosity is required in or- 


der to lubricate both bearings and gears. 
For such a purpose the viscosity ranges 
needed are from 250 to 350 and from 
400 to 550 seconds. Foaming, caused by 
aeration: of the oil, impedes the flow ot 
oil to the bearings and causes erratic 
action of the governor. The conditions 
causing it are discussed. Oxidation 1s 
minimized by careful refining of the oil 
to remove easily oxidizable compounds. 
Sludge that develops when a tubrine oil 
is agitated in the presence of air OF 
water, especially when overheated, 15 
formed in two stages, the colloidal of 
soluble stage and the insoluble stage, ™ 
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Helps put the FIGHT in FIGHTING FUEL/ | 


Helping producers to deliver fighting fuel is SOLVAY quality and with an absolute minimum of impurities. 
LIQUID CAUSTIC POTASH, supplied from SOLVAY’S 
new potash plant to meet your requirements. As America’s 
largest producer of Soda Ash, Caustic Soda, and other 
important alkailes, SOLVAY has developed both men * Solvay Caustic Potash in the dry form contains a mini- 
and facilities to produce Caustic Potash of a high mum of 90% KOH. 


%& Solvay Caustic Potash Liquor (shipped in tank cars)— 
has KOH content of approximately 50%. 


A 
Pea 
ee 


Solvay can meet your requirements ...W rite today! 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured by The Solvay Process Company 


40 RECTOR STREET NEW YORK 6, N: Y. 


BRANCH SALES OFFICES: 
8 is sas 4g 05d wxtdcc ueet ccc diaridewieetre: Boston 9, Mass. 
212 South Tryon Street . Charlotte 2, N.C. 
EIS RIG LOO PIL G GPs Sets Chicago 2, Ill. 
3008 Carew Tower Building Cincinnati 2, Ohio 
926 Midland Building Cleveland 15, Ohio 
7501 West Jefferson Avenue Detroit 32, Mich. 
1101 Hibernia Building New Orleans 12, La. 
40 Rector Street New York 6, N. Y. 
Philadelphia 7, Pa, 
1107 Gulf Building Pittsburgh 19, Pa. 
3615 Olive Street St. i 
Milton Avenue 
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UT we needed them for use with 
Yarway Steam Equipment and 
couldn’t find any to suit us. 


So we designed the YARWAY Strainer. 


Apparently a lot of other people were 
having “Strainer trouble” because, with- 
out a line of advertising, the Yarway 
Strainers purchased in a few years now 


number many thousands. 


Why don’t you look into this better 
Strainer for your money? Buy one from 
your supply house (over 100 Mill Sup- 
ply Houses now have them). 





See its protection against corrosion— 
cadmium plating inside and out. 





Examine its high grade Monel woven 
wire screen that stops dirt—lets con- 
densate or other fluids flow freely. 
Notice the removeable blow-off bush- 
ing. Screen and bushing come out to- 
gether—go back together, automati- 
cally aligning. 











Six standard sizes from 1" to 2” for 
pressures to 600 Ib. 


See your Mill Supply House 
or write for Bulletin S-200 


YARNALL-WARING COMPANY 
128 Mermaid Ave. PHILADELPHIA 18, PA. 


STRAINERS 












































which the sludge becomes permanent. 
Oil-water emulsions separate readily if 
the oil is uncontaminated and not oxj- 
dized. Several corrosion and oxidation 
tests are described and their value dis- 
cussed. 




































Laboratory and Field Tests on Coal. € 
in-Oil Fuels. J. F. Barkiey, A. B. Hers- 
BERGER AND L. R. Burpickx. Trans. Am, 

Soc. Mech. Engrs. 66 (1944) pp. 185-98. a 


The viscosities of suspensions of finely 
divided coal in heavy fuel oil rise de- 
cidedly in the region of 40 to 50 percent 
of coal by weight and are independent 
of the viscosity of the oil and of the 
temperature of the measurement. A 
rapid increase in viscosity also occurs 
between coal sizes of 200/230 and 230/ 
325 mesh. The suspensions are thixo- 
tropic. A stable suspension. can be made 
by dispersing 40 percent by weight of 
coal ground to 98/99 percent through a 
230-mesh screen. The mixing of the coal 
and the heavy fuel oil is not difficult. In 
using the coal-oil suspension about two 
thirds more atomizing steam is required. 
Ash trouble is less than when using 
pulverized coal. Combustion efficiency is 
somewhat less than that for oil alone. 
The load-carrying flexibilities of coal-in- 
oil fuels and oil: fuels are comparable. 
Careful control of storage and handling 
temperatures is necessary. 






Processing Behavior of High Poly- 
mers. R. L. Zapp anv A. M. GEsster. Ind. 
& Eng. Chem. 36 (1944) pp. 656-61. 


The effect of high polymer deforma- 
tion depends upon the relative amount 
of high elastic and viscous deformation. 
In order best to predict processing be- 
havior by plasticity measurement, the 
relative extent of high elastic and viscous 
deformation should govern the condi- 
tions of test. Since most processing 
equipment deforms polymers at a rate 
at which high elastic deformation is 
prominent, conditions should be estab- 
lished at fairly high rates of deformation 
to a constant deformation value. If 
plasticity and elasticity of polymers are 
determined under these conditions over 
a temperature range, thermoelastic and 
thermoplastic differences may be noted 
that correlate with processing behavior. 
With butyl rubbers the thermoplastic 
and thermoelastic curves detect differ- 
ences in polymer behavior that can be 
attributed to molecular weight distribu- 
tion as well as to average molecular 
weight. These factors not only affect 
the appearance of butyl extruded spect- 
mens, but a ratio of elasticity to plasticity 
governs the swell after extrusion deforma- 
tion. The data indicate that a narrower dis- 
tribution of molecular weight for a, given 
average molecular weight is desirable 
from a processing standpoint. Perbunan 
type polymers exhibit greater therm0- 
elasticity than do butyl or natural rub- 
ber types. Mill behavior, the most im- 
portant processing factor for Perbunan § 
types, depends upon this thermoelasticity 3) 
and its change upon mill breakdown? 
Plasticity is also important, for labora 
tory studies appear to show that anoma- 
lous milling characteristics can be & 
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TELLURIUM LEAD DATA SHEET 


SUBJECT: 


1 Equipment Va 
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Tellurium Lead resists vibration: In 
chemical handling equipment subject 
to vibration, the stresses resulting from 
the continuous, alternating movement 
may result in failure of the materials 
from which the equipment is made. 


This breakdown may take the form 
of a crack in a tank lining or a leak in 
a heating coil or pipe line. 


The service records of users whose 
statements are in our files show that in 
a number of instances Tellurium Lead 
sheet and pipe have given better ser- 
vice under such vibratory conditions than the materials which were 
previously used. 





Higher endurance limit: This improved vibration resistance was 
borne out by a simple laboratory test in a Haigh “fatigue” testing 
machine. Loads were applied to test strips of lead which were sub- 
jected to rapid, repeated stresses simulating vibration. Nearly twice 
the load was required to fracture a Tellurium Lead specimen as a 
specimen of lead without tellurium. Among technologists Tellu- 
rium Lead’s higher “endurance limit” is generally accepted as a 
measure of its resistance to vibration failure. 


2 w w 


Tellurium Lead’s greater resistance to vibration, as well as its gen- 
erally superior performance under heat changes, elevated tempera- 
tures and stress-corrosion, is believed to result from a combination 
of the characteristics enumerated below, which distinguish it from 
lead without tellurium. 

















1. Strengthens under stress: Tellurium Lead has the ability to 
“work-harden.” Physical stress actualiy increases its tensile strength 
and makes it more fracture-resistant than before. For example, these 
pipes of Tellurium Lead (top) and lead without tellurium (bot- 
tom) were stamped with their respective names and pulled out at 
equal rates in a tensile testing machine. Note how the Tellurium 
Lead was toughened by the stamping, how it work-hardened and 
developed strength, whereas the lead without tellurium was weak- 
ened —and fractured. 

Lead 


without 
Tellurium 








2. More uniform grain structure: Undoubt- 
edly another factor is Tellurium Lead’s 
generally more uniformand finer grain struc- 
ture as shown in photomicrographs at right. 
As a result, its surface is smoother —there 
is less possibility of pitting and local cor- 


rosion. — 


3. Higher recrystallization temperature: Another result of the addi- 
tion of tellurium to lead is a raising of the recrystallization tem- 
perature. 

Ordinary lead recrystallizes below room temperature. For this 
reason the hardness developed in lead by cold “working” is not 
retained. The grain structure produced by working is not perma- 
nent since, as-soon as the working ceases, the grains “grow.” 


Tellurium Lead recrystallizes at more than 200° F. 
It thus retains the hardness developed by working and 
the grains of Tellurium Lead do not begin to “grow 
until a relatively high temperature is reached. In labo- 
ratory tests, extruded strips of Tellurium Lead, an- 
nealed at 150° C. for six months, showed no grain 
enlargement. This freedom from grain growth at tem- 
peratures up to 200° F. is believed to be beneficial 
both from the standpoint of corrosion resistance and 


physical strength. 
* 


* 


Where it is used: Tellurium Lead is widely used in 
contact with sulfuric acid and sulfates, phosphoric acid 
and chromic acid. It may also be used in contact with 
pickling, electroplating and other corrosive solutions. 


Among the types of chemical operations in which 


Tellurium Lead is employed are: chlorinations, re- 
action chambers, reductions, pickling, sulfonations. 


Typical installations include: 


drums, ducts, fans, floor- 
ing, heat exchangers, heat- 
ing and cooling coils, ket- 
tles, pans, stills, sulfuric 
acid chambers, table tops, 
tanks, vats. 


* 


How it is applied: Tellu- 
rium Lead may be bent, 
seamed, flanged, burned, 
in the same manner as 
chemical lead. 


agitators, 


aprons, 





WHAT USERS REPORT: 


“We have iastalled a number 
of tank linings using Tellurium 
Lead. It has been very satisfac- 
tory in cases of hot liquor and agi- 
tation where in the past some of 
the upright seams have cracked.”” 
e o - 
‘Tellurium Lead is used in our 
chlorinators for bond-coating 
steel agitators, thermometer 
wells, chlorine inlet spouts, etc., 
and is exposed to relatively low 


concentrations of chlorine and 
hydrochloric acid gases at 50- 
75° C. Its rate of corrosion is 
about half that of ordinary 
lead."’ 

e . . 


“We highly recommend Tellu- 
rium Lead for heating and cool- 
ing coils. It has also been giving 
very good service in agitators, 
saturators, pickling and etching 
tanks.”’ 





plus important new ones. 


and cooling purposes, 


Tellurium Lead, write: 


St Louis 1. 


of Penna., Pittsburgh 12; 
American Lead Corp., 


Vancouver. 





TELLURIUM LEAD 


What it is: Tellarium Lead of ovr manufac- 
ture is time-tested St. Joe chemical lead alloyed 
with a small quantity of tellurium. It gives the 
advantages of this well-known chemical lead 


Available forms: Tellurium Lead is available 
in sheet or pipe form or fabricated in coils for heating 


For further information or advice regarding the use of 


NATIONAL LEAD COMPANY — sow vor 6, pattt- 


more 3, Buffalo 3, Chicago 80, Cincinnati 3, Cleveland 13, 
National-Boston Lead Co., 4 
Lewis & Bros. Co., Philadelphia 7 ; National Lead & Oil Co. 
Georgia Lead Works, 
Indianapolis 6; Master Metals, Inc., 
Cleveland 13; Morris P. Kirk & Son, Inc., Los Angeles, Calif. 
The Canada Metal Co., Ltd., Toronto, Montreal, Winnipeg, 





Boston 6; John T. 
Atlanta; 
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| R:-S.Valve 


id e & 
eering Service 


No. 579 


No. 579. Direct action 
float valve with counter- 
weight assembly. 


From Coast to coast in strategically located cities, 
there are thoroughly experienced R-S Engineers 
who have made numerous R-S Valve installa- 
tions that have effected outstanding efficiency 
and economy. 

Practically universal in application, the R-S 
Butterfly Valve offers simplified control and shut- 
off of volume and pressure for any material that 
flows or is forced through a pipe—adapted to 
manual, float or power operation under high or 
low pressure and temperature. 15 to 900 psi. 

The R-S representative is at your beck and call. 
Telephone the one nearest you for prompt serv- 
ice or write for catalog. 








Appleton, Wis. Des Moines 9, lowa Philadelphia 6, Pa. 
POST POWER SUPPLY CO. PRODUCTS, INC. SHEFFLER-GROSS CO, 
P. 0. Box 544 420 Paramount Bidg. Drexel Biag. 
Atlanta 3, Ga. 3-5156 Lombard 4900 
C. E. JOHNSON & ASSOCIATE Detroit 4, Mich. 
Bona Allen Bidg. SPURGEON COMPANY Pittsburgh 22, Pa. 
Walnut 2632 5050 Joy Road J. F. HALLOWELL 
: Tyler 2750 Columbia Bidg. 
Baltimore 18, Md. Court 5362 
KONE ENGINEERING CO. Houston 2, Texas 
11 W. 25th St. POWER SPECIALTY CO. Rochester 4, N. ¥. 
Belmont 6200 1536 Mellie Esperson Bidg. GEO. VAN VECHTEN 
ton 10 Preston 5384 217 East Avenue 
one rene ON Bethe, cn aie 
AUBrd 4119 Union Title Bldg. ate oon 
USSELL PA 
Buffalo 17, N. ¥. Market 4617 3020 Olive St. 
R. W. CRANE Los Angeles 15, Calif. Franklin 2836 
37 Parkwood, Kenmore, N. ¥. BUSHNELL CONTROLS & EQUIPMENT CO. ; 
DWLawr 8141 117 W. 9th St. San Antonio 5, Texas 
Charlotte 2, N.C Vandike 1359 POWER, SPECIALTY CO. 
LYDON-COUSART COMPANY Milwaukee, Wis. foe 
304 Bui.ders Bidg. T. E. HILGENBERG 
: *Aibour ross BUSHNELL CONTROLS 8 Fou! IPMENT co. 
Chattanooga 2, Terin ra - ! . 
EDGAR A. ROGERS Minneapolis 2, Minn. Mills Tower 220 Bush St. 
Chattanooga Bank Bidg. GEO. R. MELLEMA Exbrook 1102 
7-4640 1024 —_ Seattle 1, Wash. 
4, tM, M. N.. MUSGRAVE & COMPANY 
W. P. INS CO. New Orleans 12, La. 2019 Third Ave. 
53 W. Jackson Blvd JOHN H. CARTER CO. Eliot 4425 
nora Magnatie, leat ; Tulsa 4, Oki 
Cincinnati 2, Ohio ~ ‘a isa 4, Okla. 
H. T. PORTER CO. New York City 17 i toe Fe 
1413 Union Central Bldg. F. H. YOCUM-A. H. GOODE 15 vd 
Main 1299 Graybar Bidg. 
Cleveland 13, Ohio Murray Hill 5-3370 Washington 5, D. C. 
ASHMEAD-DANKS CO. A. BURKS SUMMERS 
Rockefeller Bldg. 411 Colorado Bidg., 14th & G Sts., N.W. 
Main 6192 Republic 7231 

































VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley Street + 





Philadelphia 44, Pa. 


BUTTERFLY VALVES 













plained on the basis of elasticity for a 
given plasticity or film strength. 
















Simple Constant Reflux Take-Off for 
Distillation Systems. J. C. SNYDER ANnp 
W. Sreuser. Ind. & Eng. Chem., Anal. Ed. 
16 (1944) p. 454. 


_ In laboratory fractional distillation it 
is frequently necessary to control the re- 
flux ratio so that it remains constant re- 
gardless of variations in the distillation 
rate. Methods for accomplishing this, as 
described in the literature, are reviewed 
by the authors. All of these devices re- 
quire a degree of skill too great for 
fabrication by an amateur glass blower. 
The device described by the author is 
simple, inexpensive, has no moving 
parts, is characterized by low holdup, 
and is adaptable to distillation at other 
than atmospheric pressure. 








Analytical Determination of Aromatic 
Hydrocarbons by Adsorption. B. J. 
Marr AND A. F. Forzratt. J. Res. Natl. 
Bur. Stand. 32 (1944) pp. 151-64 (Res. 
Paper No. 1582). 


The authors describe a simple method 
for determining aromatic hydrocarbons 
in a solution such as gasoline, Filtration 
through a column of silica gel gives a 
filtrate free of aromatics. The concentra- 
tion of aromatic in an unknown is de- 
termined by means of a calibration curve 
that shows the volume of filtrate pro- 
duced through use of the standard 
adsorbent from solutions of various 
concentrations of the aromatic. Experi- 
mental data are given for several con- 
centrations of aromatics in paraffins or 
naphthenes and for three concentrations 
of a solution of aromatic, paraffin, and 
olefin. A general procedure is outlined 
for determining the aromatic hydrocar- 
bons in a straight-run gasoline and ina 
gasoline containing olefin. 





Infrared Analysis of Butadiene. L. J. 
Brapy. Ind. & Eng. Chem., Anal. Ed. 
16 (1944) pp. 422-4. 


The author describes the infrared 
analysis of refined butadiene containing 
varying amounts of impurities such as 
butene-1, butene-2, traces of isobutylene 
and acetylenes, and. small amounts of 
saturated hydrocarbons, the latter 
usually amounting to less than 5 percent 
of the total impurities present. The 
infrared absorption spectrum of an or- 
ganic molecule is unique, and with few 
exceptions admixture with other com- 
pounds dose not affect this property. As 
a result, the concentration of any com- 
ponent in a solution can be determined 
by infrared analysis, provided it has at 
least one absorption band at a wave 
length where the other components are 
relatively transparent. Refined butadiene 
can easily be determined from the trans- 
mission of the sample at 6.9 microns. 
The apparatus and procedure are de- 
scribed in some detail and typical data 
are given in tabular form. Comparison 
is made with the results by the maleic 
anhydried methods. The gravimetric 
maleic anhydride procedure requires @ 
from 5 to 6 hours as compared to the 10 
minutes needed to make duplicate infra- 
red determinations. Because of rapidity 
and greater precision the infrared 
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Compressor Jackets 
Cleaned Easier 


By periodically descaling the 
water jackets of your gas com- 
pressors and thoroughly remov- 
ing all accumulations of insulat- 
ing lime scale and rust, it is 
easier to maintain compressor 
units at peak operating effi- 
ciency. | 


The Oakite method does the job 
quickly, easily, safely. No dis- 
mantling is necessary. Make up 
the recommended descaling so- 
lution of Oakite Compound No. 
32 and introduce into the system 
as directed. Permit to soak. Then 
drain, neutralize and rinse. Ex- 
amination will show that lime 
scale and rust have been thor- 
oughly removed. Normal cooling 
efficiency is fully restored. 


Write today for FREE 28-page 
manual giving further details. 


OAKITE PRODUCTS, INC. 
50B Thames Street, New York 6, N.Y. 
Technicol Service Representatives Located in All 
Principal Cities of the United States and Canada 





method is -particularly. valuable for in- 
dustrial work. 


Laboratory Continuous .Countercur- 
rent Liquid-Liquid Extractor. J. J. 
KoLFENBACH, E. R. Koor, E. J. FutMer, 
Anp L. A; UNperKor_er, Ind. & Eng. 
Chem., Anal. Ed. 16 (1944) pp. 473-4. 


The inefficiency of the ordinary types 
of laboratory extraction apparatus makes 
the recovery of solutes from solutions 
by extraction with immiscible solvents 
a time-consuming operation, A new type 
of laboratory countercurrent extractor 
has been designed and used extensively 
at the Iowa State College laboratory for 
the recovery of 2,3-butylene glycol and 
acetylmethylcarbinol from fermentation 
mashes and mash concentrates by ex- 
traction with diethyl ether. The unit has 
been found more efficient than any other 
type of extractor tested. It is described 
in some detail by the authors. The re- 
sults of typical runs are presented in 
graphical form. The authors state that 
the apparatus can be used for extract- 
ing various liquids with different im- 
miscible solvents. Modifications could 
easily be made to enable the use of sol- 
vents of greater density than the liquid 
to be extracted. 


“Toluene Dilution Points” in Testing 
Lubricating Oils. N. W. Gittam. Aus- 
tralian Chem. Inst. J. & Proc. 11 (1944) 
pp. 67-71. 


The addition of toluene to a hydro- 
carbon blend lowers the aniline point 
of the solution to an extent proportional 
to the weight percentage of toluene 
added: Aniline-point lowerings for addi- 
tions of toluene up to 50 percent by 
weight were found to be the same for 
all blends of volatile hydrocarbons and 
heavy lubricating oils. Beyond the 50 
percent addition of toluene the depres- 
sion curves diverged and the more vola- 
tile hydrocarbons showed greater lower- 
ings of the aniline point. A “toluene 
dilution point” test is proposed for de- 
termining the aniline point of lubricating 
oils, particularly refined oils giving nor- 
mal aniline points in the range 110-130°. 
For a wide range of products the addi- 
tion of 50 percent of toluene was found 
to depress the aniline points uniformly 
51 + 1°. Extrapolation of the toluene 
depression curves indicate that the ani- 
line point of the toluene is in the region 
—90° to —100° C. 


X-Ray Studies of Chain Polymers. 
I. FANKUCHEN AND H. Mark. J. Applied 
Phys. 15 (1944) pp. 364-70. 


The larger periodic or quasi-periodic 
constants can be determined by small- 
angle scattering of high polymers. Meas- 
urements must be made to 5 or 6 sec- 
onds for particles a few hundred A. in 
diameter and evacuated cameras must 
be used in order to eliminate scattering 
by air at a distance of 1 meter. Formulas 
are included for equatorial and meridia- 
nal intensities as functions of particle 
length and radius. In order to obtain 
micro-x-ray diagrams of small areas 
within a single filament a procedure em- 
ploying glass capillaries 0.01 to 0.05 mm. 
in diameter as pinholes and single fibers 
or monofils as objects is used. The dis- 
tance between the sample and the film is 
5 to 15 mm. and an exposure time of 
several hours is required. Details are 





A view of one of many plants de- , 
signed and constructed by Petroleum 
Engineering, Inc., in the past 15 years 
of continuous service to the industry. 
Petroleum Engineering, Inc., Offices: 


Tulsa and Houston. 
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EXPANDED METAL 


THE CONSOLIDATED **conpantes 


Wheel AG. West VU TGLMLA 


Offices in Principal Cities It's Wheeling Steel! 





WANTED 


BUTANE-PROPANE 
and 


Butane-Propane Mixtures 





We offer a profitable marketing outlet for 
your surplus products. Contracts made on 
a year ‘round basis. Write us fully. 


) ANCHOR 


PETROLEUM COMPANY 
TULSA, OKLAHOMA 


BUTANE-PROPANE 


the drawing of a nylon monofil. 


Precision Viscometry. L. A. Sreineg 


Chem. Age (London) 50 (1944) pp. 385-8 


The importance of accuracy in vis. 
cometry has been emphasized by in- 
creased use of viscosity data for analyti- 
cal purposes. Variation in calibration 
constant of viscometers with efflux time 
and the erratic behavior of capillary vis. 
cometers .are considered. The author 
recommends that instruments be tested 
at several velocities when half finished 
and only those shown to be free of 
erratic behavior and variation of the 
calibration constant be completed. The 
use of electronic controls in connection 
with timers and constant-temperature 
baths is recommended. Advantages of 
the Steiner rolling ball viscometer are 
given. 


Sampling and Analysis of Anhydrous 
Hydrogen Fluoride. C. F. Switnenarr 
AND H. F. Fiisitx. Ind. & Eng. Chem. 
Anal. Ed. 16 (1944) pp. 419-22. 


The production and use of anhydrous 
hvdrogen fluoride in tank car quantities 
have required the development of an accu- 
rate procedure for its sampling and analy- 
sis. Hydrogen fluoride boils at 19.4° C. and 
on account of its volatility the serious 
danger of burns, and the tendency of 
impurities to segregate, a correct and 
safe sampling procedure is_ essential, 
Strict adherence to the procedure de- 
scribed by the authors is stated to yield 
excellent results. The apparatus required 
for a sampling, and the method of pro- 
cedure, are described in some detail. 
The analytical procedure for determin- 
ing sulfur dioxide. total acidity, sulfuric 
acid and fluosilicic acid is described. 
Typical results are presented covering 
duplicate analyses of each different tank 
car of anhydrous hydrogen fluoride. 


Electron Presence 
Key to Corrosion? 


Missing electrons may be the cue to 
the most important discovery yet made 
in combating corrosion. 

From the research laboratory of Gen- 


‘eral Electric Company comes the news 


that the stainlessness of stainless steel is 
not due to the presence of a surface 
oxide, as was formerly believed, but 
rather to electron vacancies in the atoms 
of the alloy. 

Further experimentation disclosed that 
two other corrosion-resistant alloys, 
monel and hastelloy, owe their proper- 
ties to the same condition. Hence it 1s 
believed that the absence of electrons 
may be the crux to eliminating corro- 
sion. Knowing how it is prevented in 
some alloys wil! undoubtedly lead to 
more effective ways of overcoming it im 
others. 

An atom is described as a_ nucleus 
around which revolve, in orbits or shells, 
from one to 92 electrons. In most metals 
all available space in the orbit is filled 
with electrons; but in a few, nickel, for 
example, the orbit will hold 10 electrons, 
but there are only eight present. For 
that reason nickel is corrosion-resisting. 
In alloying metals to use in corrosive 
conditions, the trick is to keep vacant 
some electron spaces, the more the bet- 
ter, according to these research engl 
neers. 
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Flanged construction throughout, — elimi- 
nating screw. fittings and screw unions, — 
and avoiding torsional strains on any member. 


Gasketed seals eliminate ground joints, and 
all maintenance troubles common to ground 
joint construction. 


Gaskets are renewable, fully retained, and 
joints may be inspected easily before sealing. 


Seals may be made or broken with a small 
standard wrench,— from the front — per- 
mitting close side by side installation in 
minimum space. 





eet aeienemnts Vases 


Offer These. Outstanding Advantages 


This new flanged construction permits in- 
terior of fintube to be inspected and cleaned 
without disturbing shell side seal. 


Sturdy rugged design, employing forged 
steel flanges with stud bolting. All joints 
have been tested to several times normal 
Operating pressures. 


These exchangers are designed and built to 
give you a maximum of long, efficient, satisfac- 
tory service,— and to insure easy installation, 
easy inspection and easy maintenance by your 
workmen ... Let us quote on your requirements. 


nm BROWN FINTUBE .~. 


121 FILBERT STREET ¢ ELYRIA, OHIO 
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NEW EQUIPMENT FOR THE MODERN PLANT 


Power Pump 


McGOWAN PUMP DIVISION 

McGowan Pump Division of The 
Leyman Manufacturing Corporation, 44 
Central Avenue, Cincinnati 2, Ohio, an- 
notinces recent development of heavy- 
duty power pump, designed and en- 
gineered for dependable oil service. 

The power frame is heavily-ribbed 
iron casting; the liquid end is made 
from very fine grained, controlled cast 
iron. Gears are continuous-tooth her- 
ring bone, and pinion is forged in- 
tegral with the shaft, which extends to 
both sides for connection to driver. 
Pinion shaft floats on double row 
Timken roller bearings while the crank 
shaft also turns in Timken roller bear- 
ings. Crank bearings are adjustable by 
means Of shims, and this cap does not 
support the weight of the bearings, the 
crankshaft and’ gear, as these are sup- 
ported in a _ separate. housing,.» pur- 
posely made larger for easy insértion 
of these moving parts. Consequently 
this pump is easily dismantled. 


The liquid .piston rod can be re- 
moved from the back of the crosshead 
by removing piston-rod cover and 
stuffing box in power frame. 

enna liduid end is a duplex side-pot 

e with a suction on either side; The 
ised areas are ample and pot caps are 


sealed with metal-covered gaskets, the McGowan Power Pump 


same construgtion as used-in cylinder 


Insulate amd Rudt-Inhibit 


AT THE SAME. TIME WITH 


THERMOSTIC No.2 


Shipped in the form of dry coment Thermostic 
No. 2 mixes readily with water to form a smooth 
working; light weight and economical 
rust inhibited insulation for monolithic 
construction on stills, tanks, heat ex- 
changers, towers, furnace walls, etc. 

Users find this rust inhibited light 
weight insulation has a greater cover- 
age capacity than average insulation 
and is unusually adhesive to hot or 
cold surfaces. 

Thermostic No. 2 will not deteric- 
rate and can be reclaimed for use 
again if temperatures have been 
maintained below 1200°F. 

A test will prove its money-saving 
value to you 


THE M. W. KELLOGG COMPANY 


Broadway, New York Plant: Jersey City, N. J. 
Representatives in CHICAG _ OMEUEEGT + SISTSEURGH © tO S ANGELES 








heats. Liners are removable. Liquid 
ends of these models are available in 
commercial alloys depending upon re- 
quirements. 


Diaphragm Valve 
McALEAR MANUFACTURING COMPANY 


McAlear Manufacturing Company, 
1901 Southwestern Avenue, Chicago 8, 
has announced a diaphragm valve in 
which closure is effected through com- 
pression of a composition diaphragm 
against a metallic weir by . pressure 
against the seal by a metal seat actuated 
by a screw and handwheel. 

The valve is said to give positive shut- 
off, even though solid particles may be 
trapped on the face of the seating area. 
The closure seal, held tightly between 
seating area and compression disk, is 
not subject to pressure of the liquid 
being retained, the only stress being 
tangential to the face of the material as 
it is brought into place between fixed 


McAlear Diaphragm Valve 
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CLIMAX FURNISHES AUTHORITATIVE ENGINEERING 
DATA ON MOLYBDENUM APPLICATIONS. 
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SOMETHING NEW 


etemeter 


DESIGN 





N THE SERIES-100 ROTAMETERS, the guide rod is 
I anchored to and centered in the metering tube by 
means of precision-made discs which fit snugly into 
the ends of the tube. This makes certain that the 
metering float is always in the exact center of the 
tapered metering tube throughout the entire length 
of the tube. 


In older constructions, the guide rod was anchored 
to the end fittings by means of discs which were 
sealed in the drain plug cavities. In such Rota- 
meters, the packing in the stuffing box becomes 
set after use, requiring tightening of the stuffing 
boxes. This, however, will draw the end fittings 
together, decreasing the tension in the guide rod 
so that the float no longer moves in the exact center 
of the tube. In the Series-100 Rotameters, adjust- 
ing the stuffing box in no way affects the guide 
tod tension. 





{PRECISION | 
BORE 
Interchangeable Thing 


All Series-100 Rotameters 
are supplied with precision 
bore interchangeable tubes 
of heavy wall Pyrex boro- 
silicae glass. Tubes are 
formed on siandrels, an- 
nealed, polariscope in- 
spected and check gaged by 
precision ball test. Tube is 
hite-backed for i 
ease in reading. 











oil 





Write for a copy 
of Publication R-100 


COCHRANE 
CORPORATION 


3110 N. 17th St., 
PHILADELPHIA 32, PA. 


COCHRANE-RUJAMETERS 
ROTAMETERS 











and moving sections of the mechanism. 

The diaphragm valve is so designed 
as to be installed at any intermediate 
angle, the seating area being self-flush- 
ing in any position. Since the diaphragm 
at all times forms a continuous seal be- 
tween fluid-carrying and threaded sec- 
tions of the valve, no stuffing box is re- 
quired, and no special provision to pre- 
vent polution of liquid by valve lubricant 
is required. 


Electronic Recorders 
THE BROWN INSTRUMENT COMPANY 


Release of an electronic circuiar chart 
electric controller for manufacture of 
either war or civiilan goods is an- 
nounced by The Brown Instrument 
Company, Philadelphia, precision in- 
dustrial instrument divison of Minnea- 
polis-Honeywell Regulator Company. 
This is one of the first of its several 
electronic instruments to be released 
in quantities and with no rationing 
system planned. 

The electronic recorder of the type 
released is being used in, and is of spe- 
cial interest to, the metallurgical and 
chemical industries. The release stipula- 
tions specify eight weeks for delivery of 
two models. Each model will have sev- 
eral new features, including a control 
point index which is in red and of the 
same general shape as the black tem- 
perature pointer. 

In making known the release of the 
electric contact circular chart electronic 
potentiometer, the company also stated 
that other electric control models will 
be announced as soon as they are 
available. 


Aliphatic Derivatives 
THE CONNECTICUT HARD RUBBER COMPANY 


New aliphatic compounds consisting 
of the even-numbered normal hydro- 
carbons from Cs through Cis and the 
corresponding olefins, alcohols, ethers, 
mercaptans, thioethers, disulfides, and 
sulfonic acids have been developed by 
the Chemical Division of The Con- 
necticut Hard Rubber Company, New 
Haven, as a result of research work in 
the synthetic rubber field. Most of 
these new chemicals are available in 
commercial quantities and are supplied 
in various grades from technical to 
“fine chemical.” 

The saturated n-alkanes are sug- 

gested for use as organic intermediates, 
laboratory solvents, and as standard hy- 
drocarbons. The olefins, with the dou- 
ble bond at the first carbon, are inter- 
esting in organic synthesis, particularly 
as a starting material for dispersing 
agents, resins, oil additives, pharma- 
ceuticals, and _ insecticides. Certain 
branch-chain olefins, isomeric with the 
n-compounds of this series are available 
for laboratory research. The alcohols 
are also suggested as intermediates for 
chemical synthesis and for use in cos- 
metic preparations. 
_ The aliphatic ethers are an interest- 
ing series which can be used as plasti- 
cizers, impregnating agents, solvents 
and heat-transfer liquids. 

The high-purity aliphatic mercaptans 
present possibilities as polymerization 
conditioners, intermediates for synthe- 
sis, corrosion inhibitors, oil additives, 
insecticides, flotation agents, and alarm 
odorants. 

The thioethers and the disulfides are 
suggested for use as plasticizers, stabil- 
izers, insecticides, oil additives, and 
flotation agents. The aliphatic sulfonic 











ESPECIALLY RECOMMENDED FOR USE IN THE 
FRE I CSE TN hae b= 
BRE SEH sie one Oi entre cticatat 


“C€OPBER | 
WEETENING 







SULPHATES 


is preferred by leading re- 
fineries because of its high 
copper content, dependable 
uniformity and exceptional pu- 
rity and freedom from foreign 
and inert matter. 


99% + PURE 


Quotations on request, on any 
quantity required. Shipments 
can be made from our nearest 








PLIBRICO 


Younrtleca FIREBRICK 


The Answer to Your 
Refractory Problems! 


FOR boilers and stills—for patching and re- 
ee entire walls and complete relin- 
ng—Plibrico Jointless Firebrick is the 
dollar-saving, trouble-saving refractory that 
refineries everywhere are adopting. 
Plibrico forms a solid, monolithic lining 
that eliminates the weak joints of laid-up 
fire brick construction. Flexo-Anchors pre- 
vent bulging. No special shapes are re- 
quired; Plibrico comes in moist, plastic form 
and can be readily moulded to any shape. 
Your own maintenance men can install it 
or’ we furnish complete installation service. 
For extreme conditions, there is the 
Plibrico sectionally-supported air-cooled wall. 
And the Plibrico sus- 
pended arch for boiler 
arches and still roofs. 
Both are erected with- 
out special tile or 
heavy castings. 


These catalogs 
cover your 
requirements. 


Here is the compiete 
Story of Plibrico linings, 
arches, air cooling, etc. 
for your Plibrico 
catalog. Specify wheth- 
er operating HRT. or 
water tube boilers. 


PLIBRICO JOINTLESS FIREBRICK CO. 
1803 Kingsbury St., Chicago, Illinois 
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HETHER for power, marine, 

chemical procéss, petioleum, 
refining, hydraulic or general indus- 
trial services, the most important con- 
sideration in selecting relief valves is 
absolute dependability. 


Edward relief valves protect expen- 
sive equipment against sudden and 
unusual pressure increases in all kinds 
of services. Functional design, with 
only a few parts all built to ‘extra- 
ordinarily high precision standards, 


and production-run quantities make 
Edward relief valves surprisingly low 
in initial cost and exceptionally eco- 
nomical over the long pull. 


Since every valve is factory set for 
the required relieving pressure, in- 
quiries should include information 
concerning service, frequency of 
operation, and relieving pressure. 


Regularly available in 4 in. to 2 in. 
sizes inclusive. 


Look for “/hese IMPORTANT POINTS 


BODY 

Drop forged heat 
treated steel. Dis- 
tribution of metal 
around body flow 
areas equalized so 
that in heating 
and cooling there 
is negligible dis- 
tortion. 


Fine carbon or stainless steel 
spring, adequate length for 
full area when discharging. 
Design of adjusting mechan- 
ism makes possible close 
pressure regulation. 





: : BONNET 


Rolled carbon steel, with 
body and locknut joints 
inmate ground for tight 
it. 


BEARING PLUG 

Hardened stainless 

steel. Point contact 

to reseat promptly 

and tightly. 

Hardened corro- © 

sion resistant 

ground for tight seating. 
SEAT 
steel, with sturdy shoulder 
and full threads engaging 


always permits disk 

BALL DISK 

stainless steel, accurately 
Renewable EValloy stainless 
body. 


Is Edward BETTER VALVES Catalog 102 in your files? 
If not, write for your copy today. 


THE EDWARD VALVE & MFG. CO., INC. e@ EAST CHICAGO, INDIANA 
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SMOOTH-ON 
REPAIR 
RECORDS 


FOLLOW 
THIS SERIES 
SMOOTH-ON SAVINGS 





Note that this repair . . . like all 
Smooth-On repairs .. . was 
made without dismounting the 
apparatus or use of heat. Note 
also that none of the operations 
required spévial skill or experi- 
ence. 


For over 45 years, Smooth-On 
has been used for making prac- 
tical, speedy, economical and 
lasting repairs . . . sealing cracks 
in pump, engine, valve and pres- 
sure castings, stopping leaks in 
pipelines and process equip- 
ment. Its outstanding record of 
successful routine and emer- 
gency repairs has made this iron 
cemént a necessity in the repair 
kit of tens of thousands of engi- 
neers and mechanics. 


Buy SMOOTH-ON in 
7-0z., 1-lb., or larger con- 
tainers from your’ supply 
house, or if necessary, 
from us. For your protec- 
tion, insist on SMOOTH- 
ON; used dy engineers 
and repair men since 1895. 








~ REPAIR ;HANDBOOK 
\SHI WS: HOW 


40 Nages, 170? diagrams, 
and,sintple concise instruc- 
tions, for practical repairs 
to plant eq vtpm ent, pipe 
lines and structures.” A .ne- 
cessity in every plant. Your 
copy sent FREE if you fill 
in and return the coupon. 


SMOOTH-ON MFG. CO., Dept. 11 
570 Communipaw Ave., Jersey City 4, N. J. 
Please send SMOOTH-ON HANDBOOK 
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lron Repair Cement of 1000 Uses 
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acids, available only in experimental 
quantities, are of interest as hydrogen 
soaps, and the salts as stabilizers, dis- 
persing agents, wetting agents, and oil 


additives. The corresponding sulphones , 


are available in limited amounts for 
experimental work. 


Trichlorcumene 


HOOKER ELECTROCHEMICAL COMPANY 

Trichlorcumene (isopropyl trichlor- 
benzene) (CH;):x—CH—C.H:Cis is be- 
ing produced in pilot-plant quantities by 
Hooker Electrochemical Company, Ni- 
agara Falls, New York. 

Trichlorcumene is a colorless liquid 
with a mild aromatic odor. It is a mix- 
ture of Trichlorcumene isomers. It is 
insoluble in water and soluble in alco- 
hol, ether, and most common solvents. 
It is highly stable, being resistant to 
oxidation and hydrolysis. 

Trichlorcumene has been found to be 
compatible with the following types of 
plastics. The nature of the resultant 
material is indicated as soft (s), rub- 
bery (r), tough (t), and brittle (b): 
modified phenolic resin (s), benzyl cel- 
lulose (t) (b), chlorinated piccolyte (s), 
phenol formaldehyde (s), ester gum 
(s), resin (s), natural asphalt (s), 
methacrylate interpolymer (t) (r), poly 
terpene resin (s), piccoumaron (s), poly 
vinyl chloride {r), polystyrene (r), and 
chlorinated rubber (r). 

Suggested uses: hydraulic fluid, trans- 
former, and dielectric fluids, anti-freeze 
additive for hydraulic, dielectric and 
heat-transfer fluids; solvent for fats, 


oils, waxes, coal-tar dyes, asphalts; sol- , 


vent, diluent, and plasticizer for protec- 
tive coating and insulating composi- 
tions; extractant for phenols, etc., from 
liquids such as waste waters; ingredient 
of insecticidal compositions, paint and 
varnish removers, paints, solvents and 
plastic compositions. 
Physical data: 


Molecular weight (pure trichlorcumene) 223.5 
Freezing range, —30 to —45 
Boiling range, °C 245 to 265 
Refractive index, n20/D 1.535 to 1.560 
Specific gravity 15.5°/15.5°C 1.26 to 1.32 


Additional physical data are-available 
in the Hooker Preliminary Technical 
Data Sheet No. 347. 


Plastic Tape 


IRVINGTON VARNISH & INSULATOR 

COMPANY . 

Irvington Varnish & Insulator Com- 
pany, Irvington 11, New Jersey; has de- 
veloped a many-purpose pkastic tape 
said to have widely divergent applica- 
tions. It is used for insulating wires, 
cables and electrical equipment; for 
splicing cables; and for protecting wir- 
ing, piping and equipment exposed to 
caustic or corrosive fumes, oil, grease, 
acids, alkalis or moisture. 

The tape is manufactured from viny- 
lite resin. It is heat-sealing, flame. re- 
sistant, and high in dielectric and “me- 
chanical strength. 


Pressure Recorder 


VULCO PRODUCTS COMPANY 

Vulco Products Company, 409 West 
36th Street, New York 18, -has per- 
fected a device for recording water 
pressure in pipe line, hydrants, faucets 
and pumpers, or wherever proper water 
pressure is a vital factor. 

With the help of the device, the Dy- 
na-Stat Test Pipe, any ratio between 
static and dynamic pressures not within 
an acceptable range can be immediately 
detected. 











PA eS 


eee, 


IF YOURE IN A 


HURRY.... 
CALL US FOR 


REFINERY 
EQUIPMENT : 


RECONDITIONED 
and 


GUARANTEED 


Valves and Fittings 


Centrifugal—Steam Duplex 
and Simplex Pumps 


Towers and Vessels 


Storage Tanks— 
Horizontal and Vertical 


Pipe—Tubes—Headers 
Compressors 
Instruments 


Complete Refining Units— 
Cracking and Topping 


“es 


UNION AVE. AT 21st STREET 
TULSA, OKLAHOMA 


NC. 
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Trade Mark 


‘Withstand Virtually All Corrosive Chemicals 











K ARBATE PIPES, TUBES, FITTINGS 





PIPE, TUBES, FITTINGS, made of ‘“‘Naticsal” carbon 


,and graphite, or of ‘““Karbate” materials (carbon or 


graphite made impervious to fluid seepage under 
pressure) are available in standard sizes for the 
chemical and process industries wherever corrosion 
problems exist. 

These products, plus “Karbate” centrifugal pumps, 
Globe and Saunders valves, and heat exchangers, are 
fabricated into complete conveying and heat-transfer 
systems of practically any design. 

This is because only ‘““Karbate” materials have all 
these properties: High resistance to the action of 
most acids . . . notably hydrofluoric acid . . . and of 
alkalies and other corrosive chemicals; high mechan- 
ical strength, light weight, resistance to thermal 
shock, good machineability, and thermal conductiv- 
ity exceeding that of many metals. 


The words “National” and ‘‘Karbate” are registered trade-marks 
of National Carbon Company, Inc. 


September, 1944—A Gulf Publishing Company Publicatior 


Can Be Assembled ic Any Plan 

















Write National Carbon 
Company, Inc., Cleve- 
land 1, Ohio, Dept. 
30-I, for Catalog Sec- 
tion M-8802—a new . 
bulletin on “Karbate” 
Heat Exchange Equip- 
ment. 











%k BUY UNITED STATES WAR BONDS 


NATIONAL CARBON COMPANY, INC. 
Unit of Union Carbide and Carbon Corporation 
wcC) 
General Offices: 30 East 42nd Street, New York 17, N.Y. 
Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
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It's The Pay Off" 
That REALLY COUNTS 


Getting right down to facts, you can't count 
a farm's yield by its acreage; a factory's 
output by its floor area, nor a water system's 
gallon capacity by its well diameter. It's the 
“pay off” in each that really counts. 


It just so happens that Layne Well Water 
Systems have the very best “pay off” that 
engineering skill has yet achieved. For such 
efficiency there are many good sound rea- 
sons. First and foremost is the sixty-two 
year record of constant endeavor in tbe 
well-drilling and pump building field. Second 
is the meticulous care with which each sys- 
tem is built and installed, and third is 
Layne's unbroken policy of making no com- 
promise with quality. 


Many are the cities, factories, paper mills, 
chemical plants, packing houses, breweries, 
irrigation projects and mines who use Layne 
Well Water Systems almost exclusively. They 
all know that back of every Layne Well 
Water System there stands the largest, most 
widely experienced and constantly depend- 
able ground water developing organization 
in the world. 


If in a Well Water System it is the “pay 
off" in which you are interested, write for 
late literature. Address Layne & Bowler, Inc., 
General Offices, Memphis 8, Tennessee. 


AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart, Ark. * -Atlantic Co., Norfolk, 
va. * e-Central- Co., Memphis, Tenn. * 
Layne-Northern Co., Mishawaka, Ind. * Layne- 
Louisiana Co., Lak ’ . * Louisiana 
Well Co., Monroe, La. * Layne-New York Co., 
New York City * mages yeeuiners Co., Mil- 
waukee, Wis. Layne-Ohio Co., Columbus, Ohio 
* ne-Texas Co., Houston, Texas * Layne- 
Western Co., Kansas City. Mo. 

Co. of Minnesota, Minneapolis. Minn. * Interna- 
tional Water Supply Ltd., London, Ontario, Canada 


WELL WATER SYSTEMS 
DEEP WELL PUMPS 


BUILDERS OF WELL WATER SYSTEMS 
FOR INDUSTRIES AND MUNICIPALITIES 








The Tels Oats Company, 1900 
Board of Trade Building, Chicago 4, 


has organized a 
chemicals depart- | 
ment, with Dr. Lau- | 
ren B. Hitchcock as @ 
manager. This de- 
partment will inte- 
grate the functions 
of sales, research and 
production hereto- 
fore carried out by 
several departments, 
absorbing the _ fur- 
fural and technical © 
divisions of the com- 
pany. Since introduc- 

tion of furfuralas an _ |, B, Hitchcock 
industrial chemical in 

1922, several derivatives, including fur- 
furly alcohol, tetrahydrofurfuryl alcohol 
and hydrofuramide, have been placed on 
the market, and others are in laboratory 
and development stages. Dr. Hitchcock 
received his training at Massachusetts 
Institute of Technology and was pro- 
fessor of chemical engineering at the 
University of Virginia. For the past 
nine years he has been with Hooker 
Electrochemical Company in both re- 
search and sales departments, lately as 
manager of sales. 





Union Carbide and Carbon Corpora- 


tion, 30 East 42nd Street, New York 17, 
announces election 
of William J. Priest- 
ley as president of 
its units, Electro 
Metallurgical Com- 
pany, Electro Metal- 
lurgical Company of 
Canada, Michigan 
Northern Power 
Company, and: Union 
Carbide Company of 
Canada. He succeeds 
the late Francis P. 
Gormely. Priestley 
was graduated from 
Lehigh University in 
1908 as a metallurgi- 
cal engineer, and entered the employ of 
Bethlehem Steel Corporation. He be- 
came superintendent of the armor-plate 
plant and was subsequently division 
superintendent in charge of all ordnance 
production for that company. During 
World War I, he entered government 
service and became the civilian head of 
the armor-plate and ordnance plant 
erected by the Navy. Later, he managed 
a steel plant making high-grade alloy 
steels for the automotive industry. In 
1923 he became consulting metallurgist 
for Electro Metallurgical Company. He 
became vice president in charge of sales 
development in 1932. He was chief of 
the alloy steel division of the War Pro- 
duction Board during the period of 
organization for the expansion of alloy 
steel production in 1942, 





W. J. Priestly 


Girdler Corporation, Gas Processes Di- 


vision, Louisville, Kentucky, has added 
Oliver E. Auer to its process engineer- 
ing staff. Auer for the past two years 
has been chief of the materials conserva- 
tion section of the War Department’s 
engineering board at Fort Belvoir, Vir- 
ginia, and formerly was with the East 
St. Louis, Illinois, refinery of Socony- 
Vacuum Oil Company. 


‘+ BUSINESS NOTES x 





General American Process Equip- 


ment, a Division of General American 
Transportation Cor- 
poration, announces 
that Henry M. 
Hunter recently has 
become associated 
with the organiza- 
tion’s recently es- 
tablished filter de- 
sign and sales unit. 
Hunter formerly was 
vice president and 
sales manager for 
Goslin-Birmingham 
Manufacturing Com- 
pany, and brings to 
this new division his 
former associates, 
George D. Dickey and Philip B. Sadt- 
ler and their Conkey Filter Company, 
which now becomes a unit in the new 
set up. Hunter has had long experience 
in filter equipment used in solvent de- 
waxing. This equipment will be fabri- 
cated in the corporation’s plate and 
welding division shops at Sharon, Penn- 
sylvania. Hunter will have headquarters 
at the corporation’s offices in the Gray- 
bar building, 420 Lexington Avenue, 
New York. 





H. M. Hunter 


American Locomotive Company an- 


nounces appointment 
rough, manager of 
Alco Products Divi- 
sion, as director of 
the division. Cor- 
rough has been with 
Alco Products Divi- 
sion of the company 
since June, 1936, and 
served in the capaci- 
ties of chief mechani- 
cal engineer, assist- 
ant manager of en- 
gineering, manager 
of engineering, and 
manager of Alco : 
Products Division. Hugh Corrough 
He is a graduate of Iowa State College 
and was connected with Empire Oil & 
Refining Company in various capacities 
from 1923 until 1934, when he became 
associated with Cities Service Oil Com- 
pany as an executive. 





Pittsburgh Equitable Meter Com- 


pany-Merco Nordstrom Valve Com- 
pany, Pittsburgh, announced appoint- 
ment July 1 of A. J. Kerr as general 
sales manager of the combined organ- 
izations. Kerr has been with the compa- 
nies 20 years and was district manager 
at Tulsa until his promotion to head- 
quarters. He is a graduate in mechanical 


















A. J, Kerr 





C. K. Madison 
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Safety, versatility, 


Made of forged steel and pre- 
cisely machined, Lucas Safety 
Expansion Joints have a record 
of perfect performance. The 
positive stop feature of these 
joints makes it impossible for 
them to part while in service. 
Each unit is shop tested. 


INQUIRIES SHOULD SPECIFY: 


1. Type of Service (water, oil, gas or steam). 
. Working Pressure (psi) & Temperature (°F). 
. Length of Traverse desired. 
. Traverse (single or double). 


. Flanges (if special flange facing is re- 
quired. Note: Flanges can be omitted and 
ends beveled for welding). 


. Anchor Feet if required. (If Anchor Feet 
are ordered specify vertical or horizontal 
installation). 


ee ee 
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LUCAS 
SAFETY EXPANSION 


JOINTS 


Design flexibility makes 

it possible to custom-build 
Lucas Expansion Joints to 
meet the specific requirements 
of each job. 

Maintenance costs are reduced 
to a minimum by repacking 
while in service. 


SERVICE PACKING ACCURATELY MACHINED 





-ALLOY BOLTS FORGED STEEL FLANGES 


HEAVY CHROMIUM PLATING 


HEAT PRESSURE 


TANKS EXCHANGERS VESSELS 


SS ee ee ee ED SD ED oe a aoe gee ees aoe 2 


FRACTIONATING 
COLUMNS 








Made of 


LAMINATED PHENOLIC. 


PLASTICS 


As the plastic material of these rings is 
practically self-lubricating, temporary loss of 
lubricant will not affect the life of the piston 
rings or the liners. 

Grit and scale become embedded in the 
plastic and do not scrape liner as with metal 
rings. & 

SHOCK RESISTANCE .. . RESISTANCE TO 


ABRASION AND WEAR ...HIGH STRENGTH © 


WITH LOW WEIGHT make Phenolic Plastics 
ideal for: 
® Bushings © Bearings ®@ Electric insulators 
® Wearing Rings in Centrifugal Pumps 
® And Many Other Products 
- 
ENGINEERS familiar with these excellent 
properties of Laminated Phenolic Plastics are 
daily finding more and more advantageous uses 
for them. 2 
LARGEST STOCK of Tubing and most com- 
prehensive stock of Laminated Phenolic 
Reds and Sheets in the Southwest. 
* 
Proved by leading companies to give lower 
service cost per hour 
2 
QUICK DELIVERY ... WRITE FOR 
FOLDER AND PRICES 
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M. D. Gilbert W. S. Andrews 


engineering from Carnegie Institute of 
Technology. M. D. Gilbert has been 
appointed district manager at Tulsa; C. 
K. Madison district manager at Hous- 
ton, and W. S. Andrews district man- 
ager at Pittsburgh. Gilbert and Madison 
formerly served as service engineers in 
the Midwest, and Andrews, formerly 
service engineer at Pittsburgh, recently 
has traveled Ohio for the company, out 
of Cleveland. 


J. O. Ross Engineering Corporation 
announces that S 
W. Fletcher, for 
many years execu- 
tive vice president of 
the corporation, has 
been elected presi- 
dent and will con- 
tinue to make his 
headquarters at New 
York. A. E. Mont- 


| gomery will con- 
| tinue as vice presi- 
| dent of the company 
| with headquarters at 


Chicago. ~ nage * = 
include H. G. S W. Fletch 
Rappolt and F. W. stds exietsod 

Partsch, vice presidents; J. A. Ronder, 
treasurer, and R. W. Grott, secretary. 


D. D. Foster Company, equipment 
consultants, has been organized by D 
D. Foster (A. H 
Stroyd, associate), 
with offices at 412 
Peoples Gas Build- 
ing, Pittsburgh. The 
company will handle 
engineering and 
sales of specialized 
equipment for the 
oil, gas and chemical 
process industries in 
Pennsylvania, Ohio 
and West Virginia. 
Foster is a graduate 
of Carnegie Institute 
of Technology, and 
has been with Pitts- 
burgh Equitable Meter Company-Merco 
Nordstrom Valve* Company 15 years, 
recently as acting general sales man- 


D. D. Foster 


| ager. 


The Whitlock Manufacturing Com- 
pany, Hartford, Connecticut, announces 
appointment of Norman W. Stirling as 
manager of sales. Stirling graduated 
from Buchtel College in 1917 and was 
appointed to the United States Naval 
Academy, was transferred to the Navy 


| Steam Engineering School at Stevens 


Institute, and after being commissioned 
spent some time at sea, later studying 
turbo-electric drive at the University of 
Pittsburgh. Resigning from the Navy in 
1922, he and a brother operated a ma- 
chine and boiler company until 1928, 
when he joined The M. W. Kellogg 
Company, with which he continued un- 
til his present connection. Stirling was 








EAGLE BLANKET 
Siscubaltie 


For Temperatures up to 1200° F. 


Manufactured from gray mineral slag 
wool—water repellent-—fire proof—will 
not deteriorate. Readily obtainable in 
any thickness for immediate shipment. 
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HOUSTON, TEXAS * SHREVEPORT, LA. 





McNAMAR 


Steel Plate 
Fabricators and 
Contractors 


Products Storage 


Pressure Vessels 


For more information 
See Page 371 
in Refinery Catalog 


McNAMAR 
BOILER & TANK CO. 
Tulsa, Okla. —Salem, 1. 











READY T0 BUY 


Refineries—Pipe Lines 
Gasoline Plants 


our organization has specialized on pur- 
chase and disposal of refineries; pipe 
lines; gasoline plants for more than 30 





years. Owners of properties have received 
successful results. We are NOT auction- 
eers or brokers, 


Correspondence !nvited 


BROWN-STRAUSS CORP. 


1402-1720 Guinotte - Kansas City 10, Mo. 
Established 1908 
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 EXPERTLY STAFFED 


lo handle 


ANY KIND...ANY SIZE JOB 


Equipped to fabricate bends up to 24”. 


MB & Mhas a complete staff of engineers and 
craftsmen accustomed to handling big jobs and 
getting them out when promised. 


immuenice oa LET US FIGURE WITH YOU ON FABRICATING 
aa MBM Pipe pi ; YOUR HIGH PRESSURE AND PROCESS PIPING. 


T05 Riz Vouston Tex 
j = 
PIPE FApp 
| | 
— CO, INC 
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“GUNITE”’ 


CONCRETE LININGS 


FOR: 

BUBBLE TOWERS e@ STILLS @ HOT OIL 
SEPARATORS ® STORAGE TANKS @ RE- 
FINERY VESSELS OF ALL TYPES @ EN- 
CASING AND FIREPROOFING STRUCTUR- 
AL STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS @ REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 


WRITE — PHONE — WIRE 


GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 


1301 Weedswether Road 
KANSAS CITY 6, MISSOURI 


District Branch Office: 
228 NORTH LA SALLE STREET, CHICAGO, ILL. 


Branch Offices: 
ST.LOUIS DENVER NEW ORLEANS HOUSTON 














WELD PIPE 


Faster... Easier... Truer 


JEWEL PIPE 
CLAMPS 


They align pipe perfectly and hold it secure 
for tacking. On in a minute—off in ten 
seconds. Two sizes, 4% to 8 in. —8 to 16 in. 
Rigid construction resists strain, heat, and 
abuse. 


Other Jewel Clamps for Ells, long and short 
turn — for Flanges — for Headers. Also Pipe 
ml eliminates patterns for holes and 
saddles. 


So simple—so easy to use — Jewel Tools 
are proving big time-savers in refinery pip- 
ing fabrication and erection. 


Write Today for Details and Prices. 


JEWEL Manufacturing Company 


1841 University Ave. 
ST. PAUL 4, MINNESOTA 











instrumental in organizing the heat 
transfer department of The M. W. Kel- 
logg Company and was sales manager 
of that department, being in-charge of 
Navy and Maritime contracts for the 
company during the past four years. 


Haynes Stellite Company, a Unit of 
Union Carbide and Carbon Corpora- 
tion, has elected E. 
E. LeVan, president, 
to. succeed the late 
Francis P» Gormely. 
LeVan entered the 
employ of Haynes 
Stellite Company as 
a sales engineer in 
1922, becoming chief 
engineer three years 
later. In 1927 he en- 
tered the sales de- 
partment, and in 
1929 became general 
sales manager. He 
was elected vice 
president in 1939, 





E. E. LeVan 
and in May, this year, was made vice 
president and general manager. He will 
continue to make his headquarters at 
Kokomo, Indiana. 


John Waldron Corporation, New 
Brunswick, New Jersey, announces 
election of B. R. 

Newcomb as the 
corporation’s presi- 
dent. Formerly with 
Worthington Pump 
& Machinery Cor- 
poration, Newcomb 
more recently has 
been with American 


Optical Company. 
Election of S. N. 
Finney and F. W. 


Egan as vice presi- 
dents of John Wal- 
dron Corporation 
also was announced. 
Both have been as- 
sociated with the organization for a 
number of years. 





B. R. Newcomb 


Wheelco Instrument Company, Chi- 
cago, announces that Charles L. Saun- 
ders, recently resigned as branch chief 
of the WPB office of civilian require- 
ments, has been elected a vice president 
of the company. Saunders, an electrical 
engineering graduate of the University 
of Virginia, served The Brown Instru- 
ment Company as salesman and district 
manager at Birmingham, Houston, Pitts- 
burgh and Chicago, and was elected 
resident vice president at Chicago for 
Minneapolis-Honeywell Regulation 
Company when The Brown Instrument 
Company was acquired in 1935. 


Pittsburgh Equitable Meter Company 
has appointed H. D. Leisenring man- 
ager of its gasoline- and oil-meter divi- 
sion to succeed H. I. Beardsley who 
soon will retire after serving the com- 





ae 








H. |, Beardsley H. D, Leisenring 











DESIGNERS ¢ DRAFTSMEN 
and 
SQUAD LEADERS 


For Process Piping on Oil Refin- 
eries; also Designers and Checkers 
on Pressure Vessels. 


Applications solicited from men not how em- 
ployed in essential work or those completing es- 
sential work who have Statements of Availability. 


ARTHUR G. McKEE & COMPANY 
2300 Chester Avenue 
Clevelond, Ohio 











ENGINEER WANTED 


The Field Research Department of Mag- cS 
nolia Petroleum Company, located near Pao 
Dallas, has an opening for a junior me- bye 
chanical or chemical engineer. Work will ; 
consist of contacting research and develop- 
ment groups, ascertaining their apparatus 
and equipment needs and designing, prv- 
curing, following assembly and _ testing 
same. Job requires 4 to 5 years experience 
in chemical process work, some familiarity 
with design procedures, instrumentation, 
ability to sketch up ideas for drafting and 
to get along with technical and shop 
people. This is a job of future possibilities 
beyond “‘V’’ day, Applicants should enclose 
small photograph and must have state- 
ment of availability. Address: Box 555, 
c/o Petroleum Refiner, Houston, Texas. 











WANTED—INSTRUMENT MEN 
For new. Aviation Gasoline Refinery con- 
sisting of Catalytic Cracking, Alkylation, 
and Isomerization units. Location, Middle- 
west. In reply give detailed outline of 
previous experience, education, draft 
status, and required earnings for 48-hour 
work week. Reply: Box 50, c/o Petroleum 
Refiner, Houston, Texas. 

> 
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International 
Efticient Equipment 


FOR THE PETROLEUM 


PRODUCTS 
INDUSTRY 



























SIDE ENTRANCE MIXERS 
PORTABLE & PERMANENT MIXERS 


KETTLES, AUTOCLAVES, DIGESTERS 
BLENDERS, PEBBLE &BALL MILLS 


INTERNATIONAL ENGINEERING, IN 
DAYTON, DHIO 






Se, 

















* FUEL STORAGE TANKS 
for the 
“ANGELS OF HELL’ 





High-octane flying fuel is being manufactured and stored in enormous 
quantities in welded pressure vessels made by General American. In 
every quarter of the globe, military and industrial experts recognize the 
GATX symbol as signifying quality. GATX-built equipment, backed 
up by GATX Know-How, can effect production economies for you ! 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Plate & Welding Division Sharon, Pennsylvania 


Hr : Specialists in plate fabrication— manufacturers of pressure vessels of steel, 


PLATE & WELDING alloys and aluminum—all classes of welding — process equipment of all 
DIVISION 


PLANT AF SHARON, PA. 


types—chemical engineering laboratories and service—compleitely equipped 


field erection department. 
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PACKINGS .. . GASKETS 
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Sterling Combination Packing set for hot 
water services has been engineered and 
proven in intensive service applications 


Uo 
A 
On as a hot water packing. It assures maxi- 
ge 
os 
ys 
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mum seal with medium gland pressure. 
Style 807 is composed of Hydraulic end 
rings and center rings of duck and rubber 
sectional and snapped rings. 


Re 


Write or wire: 
Sterling Packing & Gasket Co., Inc. 
1701 Nanee St., Houston, Texas 


If you need dependable Turbine re- 
pairs in a hurry, call us. We are com- 
pletely equipped to repair and dy- 
namically balance turbine rotors and 
any High Speed rotating elements in 
our modern shops. 

25 Years Successful Experience 


GuL 





We design and 
construct all 











pany since 1912. Leisenring is a gradu- 
ate of Lafayette College, and has had 10 
years experience in sales work with oil 
companies in the Midwest. He formerly 
was manager of the company’s branch 
office at Chicago and now will make 
headquarters at Pittsburgh. 


The Foxboro Company, Foxboro, 
Massachusetts, announces addition of 
Paul Torre to its staff of sales engineers 
covering the New England territory. 


United States Steel Products Com- 
pany, sheet-steel fabricating subsidiary 
of United States Steel Corporation, has 
acquired the manufacturing assets of 
Bennett Manufacturing Company, con- 
sisting of plants for making steel drums 
at Chicago and New Orieans. These 
plants will operate as Bennett Manufac- 
turing Division of United States Steel 
Products Company. Stevens A. Bennett 
has been appointed a vice president of 
the latter company and will be in charge 
of the division. 


Brown Instrument Company, Phila- 
delphia, recently was given a second re- 
newal of the Army-Navy E. An innova- 
tion, ceremonies of acceptance was left 
entirely in the hands of employes, no 
company nor government officials tak- 
ing part. 


Kerotest Manufacturing Company, 
Pittsburgh, has been awarded a fourth 
gold star to add to-its. Maritime M 
pennant. 


Cochrane Corporation, Philadelphia, 
received renewal of its E award. late 
in July. 


Pennsylvania Salt Manufacturing 
Company, Philadelphia, has secured the 
services of Dr. Wiiliam- A. LaLande, Jr., 
as director of research. He formerly 
held a similar position with Attapulgus 
Clay Company. 


The Eagle-Picher Sales - Company, 
Cincinnati, Ohio, announces ‘promotion 
of Douglas Via to industrial insulation 
sales manager, and appointment of An- 
drew L. Harris as manager of sales pro- 
motion. Via has been with the company 
nine years, and has been active in sales 
engineering since leaving: the University 
of Virginia in~1922,:He ‘served’ Louis- 
ville Gas & Electric Company as indus- 
trial engineer, and prior to that was 
branch manager for York Ice Machinery 
Corporation. Harris comes to his new 
connection from the National Associa- 
tion of Manufacturers, where he was an 
executive in public relations work. Pre- 
vious to that he was engaged in sales 
promotion work for United States Gyp- 
sum Company. 
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FOR INDICATING 
RECORDING AND 





types of modern 
refining units. 
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BORN ENGINEERING CO. 


Tulsa, Oklahoma 












CONTROLLING 
TEMPERATURE 
PRESSURE FLOW 
AND LIQUID LEVEL 


* 
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A 
LABORATORY GLASSWARE 


APPARATUS AND REAGENT 
CHEMICALS CARRIED IN STOCK 


for g fer ee Delivery 
INDUSTRIAL SCHENTIEIG INC. 


A PERSONAL SERVICE ORGANIZATION 


Jas. P. Marsh Corporation, Chicago, 
recently announced the appointment of 
R. S. Gaisford as manager of its export 
department at 155 E. 44th Street, New 
York. Gaisford has been eastern division 
manager of the organization. 


Tube Turns, Louisville, Kentucky, an- 
nounces the reopening of its Los An- 
geles office in the Van Nuys Building 
with James H. Withers in charge. For 
the last nine years Withers has been 
associated with valve, fitting, and indus- 
trial supply companies on the West 
Coast. 


Edgar H. Bristol, president of The 
Foxboro Company, Foxboro, Massa- 
chusetts, died July 24 at Falmouth 
Heights, Massachusetts. After complet- 
ing his high school education he found 
employment as a machinist, later be- 
coming a tool-maker and subsequently 
production manager of the instrument 
company of which his father was presi- 
dent. With his brother, Bennet B. Bris- 
tol, he withdrew in 1908 to organize 
Industrial Instrument Company which, 
on January 1, 1914, became The Fox- 
boro Company. Bristol maintained an 
active participation in the company’s af- 
fairs, serving as its president through- 
out its history. More than 40 patents 
were recorded to his credit, some of 
them so basic in character as to estab- 
lish new principles of instrument design 
and operation. 


Sarco Company, New York, has a 
second star for its E pennant. 





Sales representative, graduated Engr., mary years 
experience establishing self as manufacturer’s agent 
is desirous of obtaining AAA product for represen- 
tation in Europe. Has program and bases for ag- 
gressive sales and special Engr. work in European 
development. American citizen. 25 years resident in 
Europe. Address: Box 28, c/o Petroleum Refiner, 
Houston, Texas. 








FOR SALE 
New and Reconditioned Iron & Steel 
VALVES 
” Tested and Guaranteed 
LARGE STOCK OF FITTINGS 


APEX IRON & METAL CO. 
2204 S. Laflin St. Chicago 8, Ill. 








Manufacturer’s representative, graduated Civil Engr., 
and majored doctor of engineering, many years ex- 
perience, desires additional line. Must be AA-!. 
Exclusive basis in North Western Penn., Western 
New York, Eastern Ohio. Address: Box 25, ¢/o 
Petroleum Refiner, Houston, Texas. 

















Complits Line of 








ROY O'NEILL FRED WELLBORN 
WORTH AND HOUSTON 










